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6 bw ELECTROCARDIOGRAM has attained an 
increasingly important status, owing to the 
recent dramatic advances in the diagnosis and 
treatment of congenital heart disease. To- 
gether with catheterization, angiography, dye- 
dilution curves, and x-ray studies, electro- 
cardiography helps to determine the exact na- 
ture of the congenital anomaly. 

Attempts have been made to correlate spe- 
cific electrocardiographic patterns with various 
types or groups of congenital heart disease. 


More particularly, many studies have been 
made to associate patterns in the right precor- 
dial leads with specific anatomic (hypertrophy) 
and hemodynamic (pressure) changes in the 
right ventricle. |For instance, numerous au- 
thors have emphasized the frequency with which 
the pattern “incomplete right bundle branch 
block”? occurs in the electrocardiographic trac- 
ings of patients with atrial septal defects.'~* 
Some authors have found a correlation between 
the height of the R wave in V, and the height of 


the pressure in the right ventricle.45 Cabrera 


and Sodi-Pallares*~* introduced the concept of 
systolic and diastolic overload patterns as specific 
representing 
The 


changes are based on whether the ventricle hy- 


electrocardiographic complexes 


hemodynamic changes in the ventricle. 


pertrophies owing to resistance to outflow from 
the chamber (systolic overload), or whether it di- 
lates because of an increased blood flow and 
filling of the ventricle (diastolic overload). 

These attempts at correlation have not been 
altogether successful, because similar patterns 
are found in different hemodynamic situations. 
For instance, Sodi-Pallares® includes the rsR’ 
pattern as indicating both systolic and diastolic 
overloads; moreover, the Rs and qR patterns 
supposedly of systolic overload origin are some- 
times found in atrial septal defects which are 
hemodynamically diastolic overload early in 
their course. 

Most particularly, the significance of the rsR’ 
pattern found in many cases of congenital heart 
disease is confusing in the literature. Some au- 
thors indicate that it is the pattern of incomplete 


*From the Department of Cardiology and Medicine, St. Michael’s Hospital, Newark, New Jersey. 
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right bundle branch block without further de- 


fining it.7*® Others state that it is evidence of 


right ventricular hypertrophy if the R’ is over a 
910 There is confusion as to 
Sull others 


insist that this is a pattern of hypertrophy of the 


certain height. 


exactly what this height should be. 


crista supraventricularis and the upper part of 


the interventricular septum.!°~'® 

We decided to make a study of our own cases 
of congenital heart disease to correlate electro- 
cardiographic patterns over the right precordial 
region with hemodynamic changes in the right 
ventricular chamber. For this work we chose 
four groups of congenital heart diseases (‘Table 
1). We reviewed our cases of tetralogy of Fal- 
lot because this group shows the most consistent 
electrocardiographic pattern,'® because 
it represents classical hypertrophy of the right 


ventricular wall. Pulmonary stenosis with atrial 


TABLE I 
Classification of Cases of Congenital Heart Disease 
Studied 
No case 
Tetralogy of Fallot 28 
Pulmonary stenosis 36 
Pulmonary stenosis and atrial septal defect 
(right-to-left shunt) 14 
\trial septal defect 13 
Porat 91 


septal defect (right-to-left shunt) also is quite 
consistent from the electrocardiographic stand. 
point, and it also is characterized by hy pertrophy 
of the right ventricular wall. Pure pulmonary 
stenosis represents the best example of systolic 
overload from the hemodynamic point of view, 
while atrial septal defect represents the typical 
example of hemodynamic diastolic overload. 

In this paper we shall present our findings in 
correlating the electrocardiographic patterns 
with hemodynamic changes occurring in enlarge- 
ment of the right ventricle. We shall compare 
these with the work of other investigators. We 
shall also present a concept to explain the signifi- 
cance of rSR’ patterns found in various types of 


right ventricular enlargement. 
MATERIALS AND METHODs 


The electrocardiograms were studied in 9] 
cases of the four groups of congenital heart cdis- 
eases mentioned above. A twelve-lead electro- 
cardiogram was obtained in all cases, with ad- 
ditional right precordial leads in some. The 
final diagnosis was established by cardiac cath- 
eterization, angiography, and in some cases by 
surgical observation and by postmortem exam- 
ination. Right atrial, right ventricular, and pul- 
monary artery pressures were recorded in each 
case and correlated with the electrocardiogram 
and x-ray findings. 


The criteria for right ventricular preponder- 


rsR’ "Rs *R R RS qr aks 
1 A.S.D r>.025 r<.ozs | 
PS 
36 2]5 2/4|7|7 
| 
Tetralogy 
28 4 319] 5 3 
PS +1ASD. 
14 5 2141/2 


Fig. 1. 


Incidence of various QRS complexes in V;. 
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VABLE II 


Interatrial Septal Defects 


TABLE III 


Pulmonary Stenosis 


Duration Height Intrinsi- Pressure 

of r of of coid detlec- right 
Case Awe \ in in \ tion in ventricle 
No nple Vi (see mm (sec) (mm He 
| 63/12 

O4 0 

k 0 R/S 

SI O38 40/4 

SR 021 { 0 80/8 

SR 0 oR { 

SR 0 0 

0 4 V0 

O38 65/0 

SI O38 32/14 

SR 0 0 0/0 

SI 0 

04 

Complete right bundle branch block 


ance* in the right precordial leads were tall R, 
qR, Rs « omplexes and, in cases of rsR’, a late R’ 


taller than 5 mm. Also included in the criteria 


for right ventricular preponderance were the 
cases of complete right bundle branch block 
with a QRS complex in the left precordial leads 
presenting a small r and wide broad S wave with 
normal intrinsicoid deflection.*® 

Particular attention was given to the duration 
and configuration of the initial r wave in those 
cases presenting an rsR’ complex with QRS 
duration of less than 0.10 second. ‘These were 
divided into two groups according to the dura- 
tion of the initial r. The first group included 
cases with an initial r of less than 0.025 second 
duration The second group contained cases in 
which the initial r was 0.025 second or greater. 
This classification is an empirical one, based 
primarily on the work of Myers.*”" 

lhe time of onset of the intrinsicoid deflection 
was recorded from the beginning of the QRS to 
the onset of the downward deflection of R (or 
R’ if present 

Right ventricular pressures were correlated 


with the height of the R waves in V,. 
RESULTS 
lhe incidence of the various QRS patterns in 


*We use the term “preponderance” to describe the 
measurement of electromotive potential, while the term 
“hypertrophy” is used when anatomic findings are im- 


plied. '6 
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Duration Height Intrinsi- Pressure 
Case \ue \ ofr of of coid detle« right 
No years complex in in Vi tion in \ ventricle 
Vi (sec) (mm) (sec (mm He 
1 1 Notched 13 04 
R 
Rs 17 03 30 
rsR’ 6 025 
1 025 125.0 
12 R 025 
6 qRs 15 0? R 
Rs 15 02 
) R 22 O38 
9 4 rsR’ 03 17 04 130/0 
10 8 rSr’ 02 1 
11 ) Notched 25 05 63/0 
R 
) R 35 02 
1 Notched O35 460 
Rs 
14 l Rs 10 OR 
Rs 6 0 450 
17 ) qR 02 0 
18 rs > 0? 
R 
R 23 04 65 
4 Rs 12 2 45/0 
4 12 rSR’ O38 
6 R »2 2? 950 
) Notched 0 O4 140 
R 
14 R 22 04 125/70 
4 rsR’ O18 17 0 97/0 
l Rs ) 0? 
15 R 22 O35 0/0 
qR 16 03 /0 
4 Notched 18 03 85/0 
R’ 
11 rR’ 5 04 0 
15 Notched 10 
Rs 


V, found in the four groups of congenital heart 


disease studied is shown in Figure 1. 


INTERATRIAL SEPTAL DEFEC1 


Thirteen cases of interatrial septal defects were 
studied (Table IT). 
or slightly elevated right ventricular pressures 


All nine cases with normal! 


presented an rsR’ complex with an initial r of 
0.025 second or greater. The one case of rsR’ 
with initial r of less than 0.025 second had a right 
ventricular pressure of 80 mm Hg. ‘Two cases 


presenting qR had right ventricular pressures of 
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65 mm Hg or more. There were two cases of 


complete right bundle branch block. 


PULMONARY STENOSIS 

Of the 
majority presented patterns of rR‘, notched R, 
R, Rs, and gR in V, (Table IIL). — All of these 
had high pressures in the right ventricle. Of the 


seven cases exhibiting an rsR’ pattern, five had 


36 cases of pulmonary stenosis the 


an initial r wave of less than 0.025 second. 
These also had high pressures in the right ven- 
tricle. ‘Two cases had an initial r wave of 0.025 
second or greater. There were four electro- 
cardiograms with normal complexes (rS, rSr’) 
in V,; 


sure between the pulmonary artery and the right 


all of these had a low gradient of pres- 


ventricle. 


FETRALOGY OF FALLOT 


The great majority of the 28 cases of tetralogy 


TABLE IV 


l'etralogy of Fallot 


Duration Height Intrinsi Pressure 
Clase \ge \ ot r ol of coid deflec- right 
No. (year complex rsR’ in in Vi tionin Vy ventricle 
Vi (sec (mm) (sec) (mm Hg) 
1 qR 120/0 
4 4 R 15 03 80/0 
3 15 18 05 130/0 
1 13 R 4 025 63/15 
mo 
) 13 R 10 02 145/0 
6 R 138/0 
41 R 18 02 85/0 
x 10 R 6 025 67/0 
) 3! Rs 02 120/0 
10 3 R ) O15 87/0 
11 | rsR 0 12 O175 88/5 
mo 
12 9 qR 1 02 115/0 
13 i] qR 12 025 88/3 
14 rR 0) 025 80/0 
15 R 035 
16 2 R 0 03 90/0 
17 4'/» R 18 045 85/50 
18 7? rsR’ O15 15 04 150/0 
19 20 rsR 01 17 038 87/0 
R 12 04 83/0 
21 5 Rs 11 03 93/0 
22 21 Notched 10 04 100/5 
R 
23 19 Notched 2 041 95/0 
R 
24 6 rR’ 22 04 80/0 
25 21 Rs ) 04 115/0 
26 5 Rs 1 035 85/0 
27 4 rR’ 15 04 5/0 
28 10 rsR’ 0 x0) 04 58/0 


of Fallot presented an rR’, notched R, R, Rs. 
and qgR in V4, associated with high pressures in 
the right ventricle (Table [V). All four tracings 
with an rsR’ pattern had an initial r of 0.025 see. 
ond or less. 


The notched R wave said to be typical of this 


group* was found in only three cases. 


PULMONARY STENOSIS WITHL INTERATRIAI 


SEPTAL DEFECTS (RIGHT-TO-LEFT SHUNTS) 


Most of the fourteen cases in this group 
(Table V) presented a notched R, R, Rs, or qR 
pattern over the right precordium. All five 
cases showing an rsR ’ pattern had an initial r of 
less than 0.025 second. ‘These were associated 
with high pressures in the right ventricle. 

Thus, as far as the rsR’ pattern is concerned, 
all cases which were hemodynamically of the 
diastolic overload group presented an initial r 
wave of 0.025 second or greater. All but two of 
the sixteen cases with rsR’ in the hemodynamic 
systolic overload group had initial r waves of less 
than 0.025 second. 

The rR’, notched R, R, Rs, and qR patterns 
were found only in the hemodynamic systolic 
overload group, or in the diastolic overload 
group when the pressure in the pulmonary artery 
rose (so that they were no longer diastolic over- 
load). 

We found only a rough correlation between 


TABLE \V 


Pulmonary Stenosis with Interatrial Septal Defect 
(Right-to-Left Shunt) 


Duration Height Intrinsi Pressure 

Case \ge Vi of r of of coid deflec right 
No. (year complex rsR’ in in \ tion in \ ventricle 
Vi (sec) (mm (sec (mm He) 

1 14 R 14 05 200/0 

4 5 rSR’ Ol 40 038 80/0 

3 4 rSR’ Ol 14 02 86/3 
4 29 Rs 4 02 100/0 
5 i rSR’ ol 42 03 145/3 
6 rSR’ 02 45 05 85/0 
16 R 12 02 128/0 

8 ya Notched 35 06 125/0 

R 
9 4 R 35 02 175/0 
10 16 rSR’ 015 13 04 190/5 
11 ) Notched 25 04 102/5 
R 

12 qRS 13 02 135/6 
13 11 qR 45 04 155/0 
14 9 R 24 02 150/0 
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the height of the R wave and the height of the 


pressure in the right ventricle. We were not 
able to corroborate the recent findings of Nadas’ 
group! that in pulmonary stenosis the R in V, 
was greater than 20 mm whenever the right 
ventricular pressure was over 100 mg Hg. 

We were not able to utilize the intrinsicoid de- 
flection as a criterion for right ventricular pre- 
ponderance. There was no correlation between 
the intrinsicoid deflection and the right ventricu- 


lar pressures in our study. 
DiscuUSSION 


Ventricular Systolic and Diastolic Overload: The 
leads taken over the right precordium are the 
most important in the electrocardiographic 
diagnosis of right ventricular preponderance. 
Attempts have been made to correlate patterns 
in this lead with specific congenital cardiac de- 
fects.67:'7 Cabrera and Monroy®:’ have at- 
tempted to correlate patterns in these leads with 
specific hemodynamic changes encountered in 
congenital heart disease. ‘They have suggested 
that in conditions in which there is an increase in 
the blood-volume work of the ventricle, such as 
in atrial septal defects, there is a dilatation of the 
right ventricle without a corresponding hyper- 
trophy of the ventricular muscle. ‘This is re- 
flected in the V, lead as an incomplete right 
bundle branch block, as manifested by rR’, 
rsR’, or notched R. According to these same 
authors this represents the electrocardiographic 
pattern of diastolic overload. In conditions in 
which there is resistance to outflow of blood from 
the right ventricle, such as in’ pulmonary 
stenosis, there is produced hypertrophy of the 
musculature of the right ventricular wall. This 
ECG pattern they designate ‘ 
and is manifested by R, Rs, or qR.®? 


Despite the fact that this seems an ideal classi- 


‘systolic overload,” 


fication, it has been shown by many work- 
ers'’-4.16 that not all cases which belong hemo- 
dynamically to one or the other group can be 
correlated with the patterns given in this con- 
cept. Our findings also indicate that while 
many cases can be correlated from the ECG, a 
good number of cases did not fit. 

However, the concept of systolic and diastolic 
overload does seem to have relevance from the 
hemodynamic viewpoint. Moreover, such a 
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concept is corroborated anatomically. Kjell- 
berg et al.'* have demonstrated that the right 
ventricle in cases of atrial septal defect shows 
minimal ventricular wall hypertrophy and mani- 
fests mainly dilatation of that wall with some 
hypertrophy of the crista supraventricularis. 
On the other hand, the right ventricles in cases 
of pulmonary stenosis and tetralogy of Fallot 
are characterized mainly by hypertrophy of the 
free wall of the ventricles, as well as the crista 
supraventricularis. 

In this paper the terms “systolic and diastolic 
overloads” are used in the hemodynamic sense, 
and do not refer to specific electrocardiographic 
changes. 

Incomplete Right Bundle Branch Block and rsR’ 
Patterns: Part of the difficulty in defining the 
electrocardiographic pattern of overloads arises 
from determining what constitutes an incom- 
plete right bundle branch block. Cabrera‘ in- 
cludes in diastolic overloads not only rsR’, but 
also rR’ and notched R waves as incomplete 
right bundle branch block. In our present study 
we have found that the rR’ and the notched R 
are found only in those cases which hemody- 
namically belong to systolic overload. 

The classical criteria of incomplete right bun- 
dle branch block are rsR’ with QRS duration 
between 0.10 and 0.12 second and intrinsicoid 
deflection of 0.035 second or longer.'® Other 
authors postulate that rsR’ patterns may indi- 
cate incomplete right bundle branch block, even 
if the QRS is less than 0.1 second, and the ven- 
tricular activation time less than 0.03 second.'® 
This finding is particularly true in childhood. 
The problem becomes further complicated in 
cases with rsR’ in V, where right ventricular 
preponderance is superimposed. Myers* con- 
siders rsR’ to indicate right ventricular prepon- 
derance, if the R’ is 10 mm or more, while Mil- 
nor'® has found right ventricular preponder- 
ance in rsR’ if the R’ is more than 5 mm. 

On the other hand, many workers consider 
that the rsR’ is not always indicative of incom- 
plete right bundle branch block. Milnor and 
Bertrand" and Walker et al.’ believe that it rep- 
resents an intermediate stage in the develop- 
ment of ECG signs of right ventricular prepon- 
derance and is a manifestation of hypertrophy of 


the crista supraventricularis. Blount e¢ al.'® re- 
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late the rsR’ pattern to hypertrophy of the right 
ventricular outflow tract, particularly the crista 
supraventricularis. 

Myers” ?° recently has presented a concept 
which may resolve some of the difficulties just 
mentioned. He distinguishes two types of rsR’ 
patterns. One presents an initial r greater 
than 0.03 second duration, and represents a true 
incomplete right bundle branch block. The 
other rsR’ complex is manifested by an initial 
r of less than 0.02 second duration. ‘This pat- 
tern, he states, represents hypertrophy of the 
crista supraventricularis. 

Correlation of rsR’, Right Ventricular Pressure, and 
Hypertrophy: With this work in mind, we suggest 
that the different anatomic types of right ven- 
tricular enlargement are represented in the elec- 
trocardiogram by specific patterns which depend 
primarily on the underlying hemodynamic state. 
In those cases in which there is increase of the 
blood-volume work of the right ventricle (di- 
astolic overload) there is mainly dilatation of the 
ventricle with little or no hypertrophy of the free 
wall in the initial states. ‘This is represented in 
the V, ECG by rsR’ with initial r wave 
greater than 0.025 second. ‘This is the complex 
which Myers calls ‘“‘incomplete right bundle 


* In our study all cases of inter- 


branch block.’’® 
atrial septal defect with normal right ventricular 
pressures showed this pattern. Kossmann?*! 
suggests the use of the term ‘alteration of the se- 
quence of excitation in the two ventricles” 
rather than the term ‘‘incomplete right bundle 
branch block,” 


whether there is an actual anatomic blockage of 


because it is questionable 


the bundle of His in those cases. 

We therefore feel that the rsR’ with a pro- 
longed initial r wave is associated with those 
cases of right ventricular enlargement charac- 
terized by dilatation of the free wall with little 
hypertrophy of the crista supraventricularis. 

We noted that when the pressure increased in 
interatrial septal defect we were presented with a 
different rsR’ pattern from that just discussed. 
We found an rsR’ pattern with an initial r wave 
of less than 0.025 second, a pattern similar to the 
one described by Myers® as representing hyper- 
trophy of the crista supraventricularis. We feel 
that as the pressure in the right ventricle in- 
creases, the crista supraventricularis hypertro- 


phies. ‘This is in agreement with the concept of 
Milnor and his co-workers.'® 

As we stated, many of the cases hemodynamij- 
cally of the systolic overload group did not pre. 
sent the classical R or Rs pattern, but rather an 
“rsR’” pattern. All but two of these rsR’ 
complexes had initial r waves of less than 0.25 
second. We believe these represent hyper. 
trophy of the crista supraventricularis. 

Moreover, Blount et al.'!° have shown that in 
many cases of pulmonary valvular stenosis whose 
right ventricular pressures fell following surgical 
correction, a qR or Rs pattern became rsR’ in 
V,. Likewise, many patients with interatrial 
septal defect and pulmonary hypertension had a 
conversion of their Rs or qR pattern to rsR’ fol- 
We therefore feel that the 
rsR’ pattern with a short-duration initial r wave 


lowing surgery.” 


represents hypertrophy of the crista supraventric- 
ularis and is an electrocardiographic represen- 
tation of a stage in the development of right 
ventricular enlargement. 

R or Rs Patternin \;: The origin of the tall R or 
Rs in V, is said to be due to clockwise rotation of 
the heart around its longitudinal axis, so that the 
thickened free wall of the right ventricle comes to 
lie relatively close to the chest wall.* The R 
In adults this 
pattern is very suggestive of right ventricular 


therefore is higher than normal. 


hypertrophy, but in young children it may be 
normal because of the relative preponderance 
of the right ventricular mass over that of the left. 
Hollman™ states that this relationship in chil- 
dren exists at least to the age of six years and 
possibly to the age of fifteen. In our series the R 
and Rs were predominant patterns in those cases 
where hemodynamic systolic overload was pres- 
ent. 

qR Pattern in V,: 
been advanced for the qR pattern in right ven- 
tricular hypertrophy. Sodi-Pallares* suggests 
that thiscomplex is a manifestation of anenlarged 
right atrium which transmits to the right pre- 
cordial leads the electrical effects that originate in 
the right ventricle. Other authors have ascribed 
this qR morphology in the right precordial leads 
to extreme rotation of the heart, so that the vec- 


Many explanations have 


torial forces arising in the left ventricle are regis- 
tered in the V, and V>2 positions.” 
A third possibility is that the qR pattern is 
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actually an rsR’ pattern in which the initial r 
wave is lost in the preceding isoelectric line.*:16-*4 
Sodi-Pallares* and Myers? attribute a qR pattern 
to the hypertrophy of the crista supraventricu- 
laris. We have noted that the rs deflection in 
the rsR’ complex of the “crista” type (short- 
duration initial r wave) were predominantly 
small and of short duration. We have also noted 
that this rsR ‘with small rs often alternated with a 
qR pattern in the same patient in electrocardio- 
erams taken within short intervals. In our 
work, a qR pattern was found only in cases of 
right ventricular hypertrophy of the hemody- 
namic systolic overload group. We therefore 
feel that the qR, rR’, notched R waves are also 
manifestations of the crista supraventricularis 


hypertrophy. 


IN SUMMARY, we feel that the rsR’ pattern 
with a prolonged initial r represents disturbance 
in activation of the ventricle and occurs in cases 
in which there is increased volume work with 
dilatation of the right ventricle. We are also of 
the opinion that rsR’ patterns with short-dura- 
tion initial r and also qR or rR’ or notched R 
represent hypertrophy of the crista supraventric- 
ularis with or without hypertrophy of the right 
ventricular wall, and finally tall R wave and Rs 
represent hypertrophy of the free wall with rota- 
tion of the heart. 

More conclusive evidence concerning the com- 
plexes over the precordium in right ventricular 
preponderance may be derived from direct epi- 
cardial and endocardial leads obtained during 
open cardiotomy. We have begun work in this 


direction. 


SUMMARY 


(1) The electrocardiographic patterns of 


right precordial leads in 91 cases of congenital 
heart disease manifested by right ventricular 
preponderance were studied. 

(2) In uncomplicated atrial septal defects 
an incomplete right bundle branch block was al- 
ways present. 

(3) The great majority of the systolic over- 
load group presented the classical complexes in 
V,of R, RS, qR, notched R. 

(4) Inthe systolic overload group 18 per cent 
of the cases manifested an rsR’ complex with a 
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short-duration initial r wave, which we feel rep- 
resents hypertrophy of the crista supraventric- 
ularis. 

(5) The duration of the initial r wave in 
rsR’ patterns was used to distinguish between 
complexes representing incomplete right bundle 
branch block and those representing hyper- 
trophy of the crista supraventricularis. 

(6) A hypothesis has been presented to ex- 
plain the evolution of the rsR’ pattern. 
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Ventricular Septal Defect 


Correlation of Electrocardiographic and Hemodynamic 


Findings in 60 Proved Cases* 


ToscANno-BARBOZA, M.D. and JaMEs W. DuSHANE, M.D. 


Rochester, Minnesota 


ECENT developments in operative techniques 
have made possible the surgical treatment 
of many varieties of congenital diseases of the 
heart. Asa consequence, an accurate and com- 
plete anatomic diagnosis is now available in 
many patients with such malformations, and the 
efficacy of various diagnostic measures can be 
evaluated more precisely. This paper is con- 
cerned with the electrocardiograms in 60 patients 
seen at the Mayo Clinic in whom a diagnosis of 
ventricular septal defect was proved. Opera- 
tion was carried out in 57 cases and necropsy in 
three. Seven patients had associated atrial sep- 
tal defects (fossa ovalis type).' Excluded from 
this study were those patients with pulmonary 
stenosis, corrected transposition of the great ves- 
sels, or single ventricle. 

A study of the electrocardiogram in patients 
with ventricular septal defects reported by Mar- 
sico and associates,” in 1955, is deficient only in 
that the validity of the diagnosis rests on clinical 
and hemodynamic studies alone. The present 
study includes only those cases in which both 
hemodynamic and anatomic findings were 


available. 
MATERIAL 

The series includes 36 male and 24 female pa- 
tients ranging in age from 2 months to 37 years 
(Table I). In the 57 patients operated on, fea- 
tures of the intact circulation which were noted 
included functional condition of the atrioven- 
tricular valves, the presence of abnormalities 
of the atrial septum and the presence or absence 


of insufficiency of the aortic or pulmonary valves. 
During open cardiotomy, while the circulation 
was supported by total body perfusion,’ the ana- 
tomic features of the interior of the right ven- 
tricle were noted; these included the character- 
istics and location of the interventricular septal 
defect, the relationship of the aorta to the pul- 
monary artery and to the defect itself, and the 
presence of multiple defects. Of the 57 patients, 
17 ultimately came to necropsy. 


TABLE I 
Age Incidence and Average Duration of the QRS 
Complex in 60 Cases of Ventricular Septal Defect 


Mean 


duration 
Number 


Age of ORS 
of cases 

complex 

(sec) 

1 to 5 months 4 0.055 
6 to 11 months 6 0.060 
1 to 10 years 34 0.067 
11 to 20 years 11 0.086 
21 to 30 years 3 0.095 
31 to 40 years 2 0.088 


In 12 patients cardiac catheterization was Car- 
ried out at institutions other than the Mayo 
Clinic; 34 of the remaining 48 patients were 
studied while under anesthesia.‘ As previously 
mentioned, the present study included only those 
cases in which there were anatomic confirmation 
of ventricular septal defect and hemodynamic 
data which were sufficiently complete to permit 


* From the Mayo Clinic (J. W. D.) and Mayo Foundation (E. T.-B.), Rochester, Minn. The Mayo Foundation 
is a part of the Graduate School of the University of Minnesota. 
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calculation of pulmonary and systemic blood 
flows, pulmonary and systemic vascular resist- 
ances, and magnitude and direction of intracar- 
diac shunts. 

All electrocardiograms were recorded at a sen- 
sitivity of 10 mm per millivolt, not only in the 
standard and unipolar extremity leads*® but also 
in the precordial leads, except in six patients for 
whom a sensitivity of 5 mm per millivolt was 
employed. In 55 of the 60 patients in whom 
standard leads were obtained, the unipolar aug- 
In 10 


cases, six precordial leads were obtained, while in 


mented extremity leads were recorded. 


the remaining patients leads V;, V3, and V¢ were 
recorded. The electrocardiographic criteria for 
atrial enlargement and overloading of the ven- 
tricles are similar to those used in a previous pub- 
lication.® The maximal normal values for the 
intrinsicoid deflection in the left precordial leads 
in this series are summarized in Table II, modi- 
fied from Ziegler’s’ data for children less than 16 
years of age and from data for adults of the 
Mexican school. Use of values of 0.025, 
0.030, 0.035, and 0.040 second for the age groups 
of birth through 29 days, 1 month through 5 


months, 6 months through 7 vears, 8 through 16 


years and more than 16 years, respectively, for 
the upper limits of normal, results in faulty inter. 
pretation in a relatively small proportion of nor. 
mal persons, as indicated in Table II.  Sodj. 
Pallares and associates* considered that 14 per 
cent of normal persons have values for the intrin. 
sicoid deflection in left precordial leads in excess 
of 0.04 second, but no reference is made to the 
ages of the patients studied. 
ELECTROCARDIOGRAPHIC FINDINGS 
Disorders of Rhythm: In one patient atrial fibril- 
lation was present with evidence indicating 
In this 


instance the rhythm reverted to normal before 
In three pa- 


possible relation to the use of digitalis. 


surgical correction was attempted. 
tients nodal rhythm was observed, and in three, 
other multiple ventricular extrasystoles were 
observed. 

P-R Interval: 1n 35 of the 56 patients in whom 
the P-R interval could be measured the P-R in- 
terval was considered to be normal,!® but in 16 
of the 35 the value was at the upper limit of nor- 
mal. In the remaining 21 patients the P-R in- 


terval was prolonged when compared with 


standards for heart rate and age. 


TABLE II 


Values for the Intrinsicoid Deflection Measured in Left Precordial Lead V, in Normal Persons of Different Age Groups* 


Duration of intrinsicoid deflection (second) 


Age group 


0.010 0.015 0.020 0.025 

Birth 2 17 43 4 
through 
29 days 

1 through 1 19 4 
5 months 

6 months 1 30 24 
through 
7 years 

8 through 6 
16 years 

More than 86 
16 years 


Per T 
cases 
0.030 | 0.035 | 0.040 than error f 
} | 0.040 
4 6.1 70 
3 2 | 7.4 29 
30 17 6 | 5.9 108 
20 | 37 20 0 | 90 
14 14.0 100 


* Data from Ziegler? and Sodi-Pallares and associates.® 
+ Incidence of false categorization assuming the duration 


represents the maximal normal value. 


of the intrinsicoid deflection to the left of the solid line 
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P (56 Cases) 


Fig. 1. 
tricular septal defects. 


P Wave: As previously described,® the process 
of activation of the atrium can be represented by 
a loop bisected by the mean axis permitting the 
derivation of the general configuration of the P 
wave in any lead in a given plane. In 90 per 
cent the mean axis lies between +30 and +80 
degrees (Fig. 1). The mean electrical axis of 
the P wave!!~'’ in the horizontal plane,* ' can be 
deduced from the point of intersection of the iso- 
electric plane with the precordium." Alteration 
of either the P wave or the QRS complex or of 
both in lead V,; suggestive of enlargement of the 
right atrium! was found in 15 patients, while in 
another 20 the alterations of the P wave were in- 
dicative of enlargement of the left atrium. In 
three other patients the alteration was suggestive 
of enlargement of both atria, described by Zuck- 
ermann and associates'® as congenitale.”” In 
the remaining 18 patients the P wave was con- 
sidered normal. 


* Assumption is made that all classic precordial leads 
exist in the same plane, with lead V» perpendicular” 
to the frontal plane. Such an assumption is useful in 
determining the configuration of P and T waves in the 
V leads. Considering the instance of mean left axis 
deviation of the P wave the predominance of the nega- 
tive area of the P wave in lead V>2 indicates that this 
lead is to the right of the isoelectric plane and the mean 
axis of the P wave is oriented backward. If the pre- 
dominance of the area of the P wave in lead V3 is posi- 
tive, the lead is to the left of the isoelectric plane and 
the mean axis of the P wave is directed forward. If 
the sum of areas of the P wave in lead V3 is nil, the iso- 
electric plane intercepts lead V2 and the mean axis of 
the P wave coincides with the midaxillary line. 
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QRS (56 Cases ) 


T (58 Cases) 


Mean axes manifested in P wave, QRS complex, and T wave in the frontal plane in 58 patients with ven- 


QRS Complex: The mean electrical axis of the 
QRS complex in the frontal plane in 56 cases in 
this series was plotted (Fig. 1). In four patients 
a precise determination of this axis was im- 
possible. The direction of these mean electrical 


axes was widely distributed but most axes lay 


Fig. 2. Group 3, 9-year-old boy. Note the slurring of 
the R wave in lead V;, deep Q and tall R wave in lead 
Ve. QRS axis to the right of +150 degrees and QRS 
loop complex with initial portion in clockwise direction 
and terminal portion counterclockwise. Hemodynamics: 
right ventricular pressure, 50/0 mm Hg; pulmonary 
index, 8 //min/M?. Surgical findings: ventricular septal 
defect, 1.4 by 1.0 cm, behind crista supraventricularis and 
beneath aortic valve. 
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between +45 and +135 degrees. In this re- 
spect our findings are similar to those of Marsico 
and associates.” In 26 cases the duration of the 
QRS complex was equal to or less than 0.07 
second; in 18 it was between 0.07 and 0.08 sec- 
ond, while in 16 this value was greater than 0.08 
second but less than 0.12 second. 

Vectorial analysis (Figs. 2-8) of the QRS com- 
plex in the frontal plane revealed that vectors 
representative of the final part of the process of 
ventricular activation” lay to the right in 55 in- 
stances (Figs. 2, 3, 5, 6,7,and 8). This accounts 
for the S wave (ors with or without a slur) found 
inlead I. As in atrial septal defect,® the varia- 
tion in direction of these vectors gives rise to 
variable configurations of the final deflections 
in standard leads II and III and the unipolar ex- 
tremity leads. In 37 cases the direction of the 
final vectors lay above the axis —150 degrees 
(Figs. 2, 3, 5, 6, and 8) and resulted in a final 
negativity not only in lead I but also in leads II 
and III (deeper in lead II than in lead III). In 
18 cases the terminal vectors lay between — 150 
and +150 degrees with final negative waves in 
leads I and II (deeper in lead I than in lead IT) 
(Fig. 7). In the remaining five cases the final 
deflection was positive in lead I, indicating a left 
orientation of these vectors (Fig. 4) and the final 
negative deflections in leads II and III indicated 
that these vectors were oriented upward. 

The direction of the initial vectors of activa- 
tion of the ventricles in the frontal plane showed 
wide variation. In contrast to the situation 
noted in atrial septal defect there was no uni- 
formity in the direction of rotation of the loop 
of activation of the ventricles in the frontal plane. 
In 33 of the 55 cases with S waves in lead I the 
loop of the QRS complex in the frontal plane 
had a clockwise rotation (Fig. 7) and in four 
others there was an indeterminate rotation of 
this loop. In four of these 37 cases the initial 
vectors were directed toward the right and lay in 
the angle between +150 and —150 degrees 
(qRS or qrs in leads I and II, R wave with or 
without S wave inlead III). Inseven cases the 
vectors were directed to the right and below 
the axis of +150 degrees (qRS or qrS in lead 
I, R wave with or without S wave in leads II and 
III) (Fig. 3). In 14 cases the initial vectors 
were directed above —30 degrees (rS in lead I, 


qR with or without S wave in lead II or leads I] 
and III) (Fig. 7). In 10 other patients these 
vectors lay between —30 and +30 degrees (r§ 
or RS in lead I, R wave in lead II and gR in 
lead III with or without S wave) (Fig. 8). In 
two cases the initial vectors were directed below 
the axis of +30 degrees, thus giving an initia] 
positivity in the three standard leads (rS to RS 
in lead I, R wave in lead II with or without § 
wave, R or rR in lead III with or without § 
wave) (Fig. 4). 

In the remaining 18 of the 55 cases with a final 
S wave in lead I, nine had a QRS loop in the 
frontal plane similar to that described in cases of 


abnormality of the atrioventricular canal!’ 
with rotation above the 0 to 180 degree axis and 
in counterclockwise direction (eight cases) 


(Figs. 3, 5, and 6) or asa figure of eight along this 


aVL 


Fig. 3. Group 3, 4-year-old boy. Note the notch on 
the S wave of lead V; considered as one type of diastolic 
overloading of the right ventricle, but also an upright T 
wave consistent with elevated pressure in the right ven- 
tricle, thus classified as intermediate or combined sys- 
tolic and diastolic overloading pattern. QRS axis to 
the left of +30 degrees and QRS loop rotates in a coun- 
terclockwise direction similar to one type of loop seen in 
patients with abnormalities of the atrioventricular canal. 
Hemodynamics: right ventricular pressure, 77/10 mm 
Hg; pulmonary index, 8 //min/M?. Surgical findings: 
ventricular septal defect, 1.3 by 1.1 cm, with posterior 
wall of defect composed of mitral and tricuspid leaflets. 
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aVL 


Ill 


Fig. 4. Group 2, 10-year-old girl. Normal rS in lead 
V; and left ventricular diastolic overloading pattern in 
lead V>¢. QRS axis about +40 degrees with a counter- 
clockwise loop. One of the few instances with final 
vectors of ventricular activation directed toward the 
left. Hemodynamics: right ventricular pressure, 43/5 
mm Hg; pulmonary index, 6 //min/M?. Surgical find- 
ings: defect of membranous septum measuring 1.3 by 
0.7 cm. 


horizontal line (one case). In the other nine 
cases the loop of ventricular activation had a 
counterclockwise rotation, but the initial vectors 
of activation were directed toward the right and 
below the axis of +150 degrees (four cases) 
or between the angle of +150 and — 150 degrees 
(three cases) producing an initial negativity in 
lead I or in leads I and II. 

In the five cases with final vectors directed to 
the left (no S waves in lead I), the initial vectors 
were directed downward and to the right in four 
(Fig. 4) and to the left in one. 

Various configurations of the QRS complexes 
were noted in lead V;. In 20 cases (group 1) 
the configuration of QRS complexes in lead V; 
(rSR, rSRS, qR) was suggestive of “diastolic 
overloading”’ of the right ventricle!’ (Figs. 5 and 
7). In 10 cases (group 2) QRS complexes were 
without notching but with a slur only a few 
millimeters above the baseline in the ascending 
branch of the R wave (Figs. 4and 6). Ineight of 
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Fig. 5. Group 1, 37-year-old woman. Note rsR’ in 
lead V; as an example of diastolic overloading pattern 
of the right ventricle and also the left ventricular 
diastolic overloading pattern in lead V5. There is 
evidence of enlargement of both atria. This is one of 
the 17 patients in group 1 with anatomic findings 
accounting for diastolic overloading of the right ven- 
tricle (associated atrial septal defect). Axis of QRS 
complex between —30 and —90 degrees and the QRS 
loop is counterclockwise. Hemodynamics: right ven- 
tricular pressure, 120/6 mm Hg; pulmonary index, 17 
1/min/M?. Surgical findings: huge ventricular septal 
defect, 4.5 by 2.5 cm, and an atrial septal defect. 


these the configuration of the QRS complex and 
the duration of the intrinsicoid deflection (Fig. 
4) in lead V, were within the range of normal. 
In 30 cases (group 3) the configuration was RS 
to R (Figs. 2,3,and 8) with slurring and notching 
in these waves. Some complexes of this type 
have been called “‘intermedial type of RBBB” by 
Barker and Valencia!® and by Sodi-Pallares and 
co-authors.”° 

In lead V, two different types of QRS con- 
figurations were observed: RS in five cases and 
complexes with an initial q in the remaining 55 
cases, 47 of the latter showing a final S (or s). 
The sign described by Katz and Wachtel” (Figs. 
2 and 6) was observed in 32 cases (53 per cent). 

T Wave: The distribution of the mean electri- 
cal axis of the T wave in the frontal plane in 58 
cases is givenin Figure 1. In two cases an exact 
determination of the axis was not possible. In 
82 per cent of the cases, the mean axis lay within 
an angle of 60 degrees formed by +50 and +110 


s I] I I 

aVR aVR } a 

low 

lal aVF 
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degrees (Figs. 3, 4,5, and 8). Inonly three was 
the mean electrical axis to the left of +30 
degrees while the most extreme deviation was ap- 
In two cases the direc- 
+110 de- 
+-150 


From these data and the known direc- 


proximately 0 degree. 
tion of the electrical axis exceeded 
grees, one having an axis directed at 
degrees. 
tion of rotation of the T loop in the frontal plane 
the configuration of the ‘T’ wave in any standard 
and unipolar extremity lead can be determined. 
As previously described, the mean electrical axis 
of the T wave in the “horizontal” plane (V 
leads) can be determined in terms of intersection 
of the isoelectric plane with the precordium 
This determination was made in 58 cases. 

In 36 of the 58 cases there was extreme devia- 
tion of the isoelectric plane to the right of lead 
V >» (Figs. 2, 3, 6, and 8) with the mean axis of the 
T wave directed in front of the midaxillary line. 
In two other cases the isoelectric plane coincided 
with lead Vo», indicating the direction of the 
mean axis of the T wave to be parallel to the mid- 
axillary line. In only seven instances did nega- 
tivity of the T wave in leads V, and V2 suggest 
the direction of the mean electrical axis of the 
T wave to be positioned posterior to the mid- 
axillary line. In 36 cases tall, peaked, positive 
T waves in leads exploring the left ventricle po- 


tential (Figs. 4 and 5) indicated the presence of 


diastolic overloading of the left ventricle.'* 


INTRINSICOID DEFLECTIONS IN LEADS aVR, 
Vi, AND 


Lead aVR: Although the determination of the 
intrinsicoid deflection in lead aVR is difficult, 
data were analyzed in 55 patients. In 24 cases 
(Fig. 3) the value was less than 0.06 second. In 
31 cases (Figs. 2 and 5) this value ranged from 
0.06 and 0.095, with an excess of 0.08 second in 
only three cases. 

Lead V,; In 15 cases (25 per cent) the duration 
of the intrinsicoid deflection in lead V,; was less 
than 0.03 second (Fig. 4). 
RS was present in all 15 cases. 


The configuration 
In eight of the 
15 (Fig. 4), electrocardiographic data did not 
indicate overloading of the right ventricle. The 
electrocardiograms of three of these eight pa- 
tients were considered to be nearly normal, and 
minimal 


the hemodynamic patterns showed 


changes from normal, with normal pulmonary 


arterial pressures and only moderate increases in 
pulmonary blood flow. 

Lead V,: In 10 of the 60 patients, the value ob- 
tained for intrinsicoid deflection was less than 
the maximum predicted as norinal for their ages, 
and in two additional cases the values were at the 
maximal limit of normal. In five patients the 
presence of RS configuration in lead V¢ did not 
In 43 


of the 55 cases (78 per cent) in which this factor 


permit the measurement of this interval. 


was measurable, the value for the duration of the 
intrinsicoid deflection was abnormally prolonged 
(Figs. 2, 4, and 6), suggesting overloading of the 


left ventricle. 
FUNCTIONAL CONDITION OF VENTRICLES 


A study was made of the indexes and measure- 
ments®:** considered to indicate the functional 
condition of the ventricles and the findings are as 
follows: 

Index of Lewis: ‘This value was less than —14 
(Fig. 2) in 17 patients and suggested overloading 
of the right ventricle; in five patients the value 
was between —25 and 38. In another 28 
13 and +10 


(Fig. 4), and in 11 cases it varied between +11 


cases, this index varied between 
and +16(Figs.5and 6). In only four cases was 
this index in excess of +17, indicating overload- 
ing of the left ventricle. 

The Ratio Q/R or S/R and the Height of the R 
Wave in LeadaVR: In one patient the presence of 
QS configuration rendered this measurement im- 
possible. In 12 of the remaining 54 cases ana- 
lyzed, this ratio was less than 1 (Fig. 2), an indi- 
cation of overloading of the right ventricle. In 
42 cases (76 per cent), the magnitude of the R 
wave exceeded 5 mm (Figs. 2, 7, and 8). 

R/S (or R/S+S), Magnitude of R and S Waves in 
Lead V,: This ratio was indicative of overloading 
of the right ventricle in 47 cases (78 per cent) 
(Figs. 2,6, and 8). In 29 of 35 patients (83 per 
cent) older than five years, an R wave of more 
than 7 mm (Figs. 2, 6, and 8) was found in lead 
V,, which suggested overloading of the right 
ventricle. In only 11 patients was the S wave 
equal to or smaller than 2 mm (Fig. 6); this was 
seen as evidence suggestive of overloading of the 
right ventricle. 

R/S, Magnitude of R and S Waves in Lead V,: In 
only three cases was the R/S ratio less than 1.0 
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V-1 V-3 V-6 


Fig. 6. Group 2. 21-year-old man, Note the rR type 


of complex in lead V, interpreted as systolic overloading 
of the right ventricle and the diastolic overloading pat- 
tern of the left ventricle seen in lead V6. Axis of QRS 
complex lies between 30 and 90 degrees with a 
counterclockwise loop similar to one type described for 


patients with common atrioventricular canal. Tlemo- 


dynamics right ventricular pressure, 110/2 mm Hg; 
pulmonary index, 5.9) //min/M?*. Surgical findings: 
large ventricular septal defect in outflow tract of right 


ventricle. 


and in one of these the R wave was equal to 4 
mm. In 21 cases, the S wave was greater than 
7 mm (Figs. 2 and 6), indicative of overloading of 
the right ventricle. An R wave taller than 21 
mm (Figs. 2, 3, 4, 5, 6, and 7), an indication of 
overloading of the left ventricle, was seen in 36 
cases (60 per cent). 

RV, + SVe: In 14 adults (Fig. 6) this ratio 
was larger than 10.5 mm. 

RV, + SV: This sum exceeded 35 mm in 18 
(Fig. 4) of the 35 patients more than 5 years of 
age 

R/S in V¢ 


: -: A ratio of less than 0.4 was found 
R/S in V, 


in 15 of the 35 patients more than five years of 


age, 
In any ratio with a denominator of less than 
one, the value of the numerator was used as the 


index. Even though Sokolow and Lyon” pro- 


posed that the ratio R/S in lead V, in excess of 


four in children less than five years of age was in- 


dicative of “*hypertrophy” of the right ventricle, 


values obtained by Ziegler’ in a large series of 


normal children demonstrated the necessity of 


different criteria. When data published by this 
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lig. 7. Group 1, 12-year-old boy. Note the RsR’ 
pattern in lead V, indicating diastolic overloading of the 


right ventricle and the QRS configuration in leads II 
and V,4 suggestive of diastolic overloading of the left 
ventricle. ‘There is evidence of left atrial enlargement. 
Axis of QRS complex between +90 and +150 degrees 
with a clockwise loop; final vectors of ventricular 
activation fall between +180 and —150 degrees. 
Hemodynamics: right ventricular pressure, 69/1 mm Hg; 
pulmonary index, 12 //min/M?. Surgical findings: defect 
in membranous septum, 1.1 by 0.6 em; patient operated 
on for patent ductus arteriosus 6 years before ventricular 
septal defect was repaired, 


author were uscd, infants up to six months of age 
and from six months to one year having the ratio 
of R/ R+S in lead V, of greater than 0.8 and 0.7, 
respectively, were considered to have overload- 
ing of the right ventricle. In 48 normal chil- 
dren from one to five years of age, only four had a 
ratio R/R+S greater than 0.5. Thus, in this 
study a ratio of R/S equal to or exceeding 1.0, 
as used in the adult, was used in children more 
than one year of age to indicate overloading of the 
right ventricle. Similarly, with Ziegler’s data, 
the values of R waves greater than 7 mm in lead 
V, and values of R waves in lead V,; and of S 
waves in lead V, greater than 10.5 mm, indica- 
tive of “hypertrophy” of the right ventricle, were 
used only for patients more than five years of age 


(Figs. 5 and 6). 


HEMODYNAMIC STUDIES 


In 53 patients the right ventricular systolic 
In 14 of the 
53 the systolic pressure exceeded 90 mm but was 


pressure was in excess of 40 mm Hg. 


less than 130 mm Hg. In 10 patients the pul- 


monary index was less than 5 liters. All but 
one of these 10 patients had systolic right ven- 
tricular pressures in excess of 90 mm Hg. In the 


one exception the systolic right ventricular pres- 
sure was 50 mm Hg. Left-to-right shunts were 
found in all patients, the magnitude varying 
from 10 to 70 per cent. In 19 cases right-to-left 
shunts in excess of 10 per cent were calculated. 
In 11 cases the total pulmonary resistance was 
considered to be within normal limits. In the 
remaining cases the total pulmonary resistance 
was clevated, with values ranging from 350 to 


5,350 dynes second cm~?. 


ANATOMIC FEATURES 


In three instances a solitary defect was located 


in the muscular part of the ventricular septum, 


Group 3, 5-year-old boy. 


Fig. 8. Note slurring of the 
QRS complex in lead V; and upright T wave. RS 
complex in lead Vs was an unusual finding. Axis of 
QRS complex between +150 and +180 degrees and 
loop is clockwise in rotation. Hemodynamics: right 
ventricular pressure, 80/3 mm Hg; pulmonary index, 
defect in outflow tract 


16 //min/M2?. Surgical findings: 


of right ventricle. 


ECG in Ventricular Septal Defect 


while in two others the defect lay posteriorly, just 
under the atrioventricular valve. In the remain- 
ing 55 cases the defect was located in the outflow 
tract of the right ventricle. Eight patients had 
additional defects in the muscular part of the 
ventricular septum and another seven had atrial 
septal defects also. In eight patients there wasa 
valve competent foramen ovale. In four pa- 
tients the surgeon felt a jet in the right atrium 
during ventricular systole. ‘This was considered 
to be the result of regurgitation of blood di- 
rectly from the left ventricle through the ven- 
tricular septal defect into the right atrium, and in 
each patient, it disappeared after correction of 
the septal defect. In two cases with the aorta 
overriding the ventricular septum a degree of 
aortic insufliciency was confirmed at necropsy. 
Two patients had evidence of mitral stenosis and 
two of mitral insufficiency. One patient had a 


patent ductus arteriosus in addition to ven- 
tricular septal defect and another had pericardi- 


tis as a result of a previous operation. 


RELATION OF THE HEMODYNAMIC DATA TO THE 


ELECTROCARDIOGRAPHIC FINDINGS 


The usual hemodynamic abnormality associ- 
ated with ventricular septal defect is an increase 
in the volume of blood flowing through the pul- 
monary circulation, the left atrium and the left 
ventricle. If the defect lies in the outflow por- 
tion of the right ventricle, this portion of the right 
ventricle alone may function as a short tract be- 
tween the left ventricle and the pulmonary ar- 
tery so that the chamber of the right ventricle is 
functionally involved to a relatively minor extent 
during systole; during diastole, however, a left- 
to-right shunt may occur with resultant in- 
creased diastolic filling of the right ventricle. 
The demonstration of significantly higher values 
for oxygen saturation of the blood in the outflow 
than in the inflow portion of the right ventricle 
in many cases of ventricular septal defect lends 
support to thisconcept. Ifa defect is present in 
the muscular part of the septum or, uncom- 
monly, if there is reflux of blood into the right 
atrium via the tricuspid valve, the chamber of 
the right ventricle participates in the functional 
derangement because of the increase in volume 
of blood flowing through it. The right ventricle 
is also functionally involved during the systolic 
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phase of the cardiac cycle if pulmonary hyper- 
tension is present, since the work of the chamber 
is thereby increased. 

The patients of this series were divided into 
three groups in accordance with the configura- 
tion of the QRS complexes in lead V. 

Group 1: 


tients whose electrocardiograms showed right 


The first group consisted of 20 pa- 


ventricular diastolic overloading types of com- 
plexes in lead V; (RSR, RsR, or rsR) (Fig. 7). 
With the exception of three patients with a QRS 
complex of the type described in common atrio- 
ventricular canal and two with indeterminate 
types of rotation of the loop, the rest of this group 
showed clockwise rotation of the loop of QRS ac- 
tivation in the frontal plane. In all but four pa- 
tients the axis was to the right of +120 degrees. 
Delay of the intrinsicoid deflection in lead V, 
(Figs. 5 and 7) was evident in all 20 cases. 

Some unusual anatomic findings were ap- 
parent in 17 cases: in four cases a single defect 
was located in the inflow tract of the ventricular 
septum; in four cases atrial septal defects were 
associated; in four cases tricuspid insufficiency 
was evident; in four cases multiple defects were 
present in the inflow portion of the ventricular 
septum, and in one case some degree of aortic 
valvular insufficiency was noted. In this group 
of patients a definite relationship existed between 
the electrocardiogram and the hemodynamic 
measurements of flow involving the right ven- 
tricle, a diastolic overload pattern being present. 

Group 2: ‘The second group consisted of 10 pa- 
tients in whom the electrocardiogram showed 
normal right ventricular complexes and domi- 
nance of the left ventricle in lead V, (rS) 
(Fig. 4), or evidence of increased pressure in the 
right ventricle (systolic overloading) without dil- 
atation of that chamber, with a slur of R wave in 
V; (rRs or rR) (Fig. 6). Six patients (Fig. 4) 
had counterclockwise rotation of the QRS loop 
in the frontal plane, one had a QRS loop similar 
to that found among cases with abnormality of 
the atrioventricular canal, one patient showed a 
clockwise rotation and two patients had indeter- 
minate rotation of the loop in the frontal plane. 
With the exception of two cases, the axis of the 
QRS complex was to the left of +90 degrees in 
The intrinsicoid deflection in 
lead V,; was normal (Fig. 4) in nine, and in four 


the frontal plane. 


JUNE, 1959 


‘Toscano-Barboza and DuShane 


729 


of these the ratio R/S was also within normal 
limits. 

In all patients in this group the anatomic po- 
sition of the ventricular septal defect was in the 
outflow portion of the right ventricle.2”. A rough 
correlation was found between the elevation of 
pulmonary arterial pressure and the degree of 
deviation of the axis of the QRS complex to the 
right. 

Group 3: The third group consisted of 30 pa- 
tients (Fig. 2) with slurred or notched QRS com- 
plexes in lead V;. The type of QRS complex in 
lead V, in this group of patients was considered 
to be an intermedial type between the so-called 
“incomplete right bundle branch block’ (di- 
astolic right ventricular overload) of group 1 and 
the ‘“‘systolic right ventricular overload” of 
group 2. In this group are examples of clock- 
wise (Fig. 2), counterclockwise (Fig. 3), and 
QRS loops in the frontal plane similar to the 
types described with abnormalities of the atrio- 
The axis of the QRS com- 
plex was found to vary widely either to the right 
or left of +90 degrees in the frontal plane. 

Eight of the 30 patients had anatomic findings 


ventricular canal. 


considered to be responsible for diastolic over- 
loading of the right ventricle: three had addi- 
tional atrial septal defects, four had multiple de- 
fects in the inflow portion of the ventricular sep- 
tum, and one had a single defect in the inflow 
portion of the ventricular septum. In this group 
no quantitative relationship was established be- 
tween the electrocardiographic findings in lead 
V, and the pressure in the right ventricle, but a 
left-to-right shunt associated with varying de- 
grees of increased pressure in the right ventricle 
was demonstrated, thus supporting the electro- 
cardiographic concept of “‘combined’’ systolic 
and diastolic overloading. 


OVERLOADING OF RIGHT AND LEFT VENTRICLES 


Among the patients in group 1 (those cate- 
gorized as having diastolic overloading of the 
right ventricle) only one, who had a mean pul- 
monary artery pressure in excess of 40 mm Hg, 
showed an R wave of normal magnitude in 
lead aVR. Among those in groups 2 and 3 nor- 
mal values for R wave in lead aVR, R/S ratios, 
and intrinsicoid deflection in lead V,; were 
observed in 5, 11, and 10 cases, respectively. 


|| 


730 ECG in Ventricular Septal Defect 


The majority of these patients had pulmonary 
arterial pressures which were normal or slightly 
elevated. However, in five patients with nor- 
mal R/S ratios and normal intrinsicoid deflec- 
tions in lead V,, systolic pulmonary arterial pres- 
sures between 65 and 90 mm He were obtained. 
In the adult patients the magnitude of the R 
wave in lead V,; gave the most consistent evi- 
dence of overloading of the right ventricle, since 
all 10 patients having R waves of normal size 
had pulmonary arterial pressures close to or 


within the range of normal. 


The ratios and the amplitude and duration of 


the QRS deflections used to detect ‘hyper- 
trophy” of the left ventricle indicated a higher 
incidence of “‘hypertrophy’’ among the cases 
studied in this series than among the cases re- 
ported in previous papers.**~*° Such an inter- 
pretation could be expected among cases in 
which the high voltage of QRS complex (sign of 
Katz?!) is one of the striking features. However, 
duration of the intrinsicoid deflection in the same 
leads rather than voltage of the complex was a 
more consistent criterion for the detection of left 
ventricular hypertrophy when interpreted in ac- 
cordance with values for the upper limit of nor- 
mal as defined by Ziegler’ and Sodi-Pallares and 
co-workers. 

Even though the values published by these 
authors were used in this group of patients, posi- 
tive evidence of hypertrophy of the left ventricle 
was obtained in only 78 per cent of the cases. 
In the 12 patients with normal intrinsicoid de- 
flections, however, seven probably had minimal 
functional disturbances of the left ventricle since 
six of these had the smallest shunts calculated, 
while the seventh was the youngest patient in 
this series. A striking finding was the tall, 
peaked T waves in leads reflecting the potential 
of the left ventricle, instead of the inverted T 
wave Classically described with left ventricular 
hypertrophy. In 36 cases these positive T 
waves were similar to those which suggest that 
overloading of the left ventricle was of the di- 
astolic type.'® 


SUMMARY 


The results of vectorial analysis of the con- 
ventional electrocardiograms are correlated with 
the hemodynamic factors in 60 patients with 


proved interventricular communications. Pa. 
tients with a single ventricle or common atrio- 
ventricular canal were excluded from this study 
as were patients having ventricular septal defect 
associated with pulmonary stenosis or transposi- 
tion of the great vessels. ‘The exact anatomic 
findings and hemodynamic data were examined 
to investigate possible correlation with data 
shown by the electrocardiogram. 

Of the 56 patients in whom the vectorial 
analysis of the QRS complexes could be obtained 
from the three standard and unipolar augmented 
extremity leads, it was noted that the loop in the 
frontal plane rotated clockwise in 33 and coun- 
terclockwise in 14; in nine patients (15 per cent) 
it was similar to the type described as character- 
istic of patients with abnormalities of the atrio- 
ventricular canal. 

Precise quantitative correlation could not be 
established between the electrocardiographic 
criteria used in this study and data for pul- 
monary arterial pressure or for pulmonary vas- 
cular resistance, but a relationship was detected 
between the type of overloading of the right 
ventricle and the configuration of QRS com- 
plexes in lead V,, as well as other significant 
electrocardiographic characteristics. 

Right ventricular diastolic overloading type 
complexes in lead V,, frequently associated with 
QRS loops rotating in a clockwise direction in the 
frontal plane with mean axes for QRS complexes 
similar to those of patients having defects of the 
atrial septum, were found in 20 patients (group 
1) in the series. In 17 of these an anatomic basis 
was found to explain diastolic overloading of the 
right ventricle. 

Configuration of QRS complexes in lead V, 
and position of the mean axes of QRS complexes 
similar to those of patients with patent ductus 
arteriosus, with electrocardiographic findings 
suggestive of overloading of the left ventricle 
frequently associated with QRS loops rotating in 
counterclockwise direction in the frontal plane, 
were found in 10 patients (group 2) in this series. 
In all cases of this group, the defects were located 
in the outflow tract of the right ventricle; thus 
the right ventricle itself was minimally involved 
in the functional derangement since it did not 
participate in the recirculation of blood through 


the pulmonary circuit. In this situation, as in 
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the case of paticnts with patent ductus arteriosus, 


the right ventricle develops systolic overloading 
only as a result of elevated pulmonary vascular 
resistance. 

Electrocardiographic characteristics inter- 
mediate between those noted for group 1 and 
group 2 were found in 30 patients (group 3). 

The location of the defect in various parts of the 
ventricular septum appears to be an important 
factor in determining the type of overloading to 
which the right ventricle is subjected. The best 
criteria suggesting overloading of the right ven- 
tricle were increased magnitude of the R wave in 
lead aVR (76 per cent), prolonged intrinsicoid 
deflection (75 per cent), and abnormal R/S or 
R ‘S+S ratio in lead V, (78 per cent). 

Even though QRS complexes of high potential 
in left precordial leads were found in 36 cases of 
this series, a prolonged intrinsicoid deflection in 
the left precordial leads was a better criterion 
(78 per cent) suggesting “hypertrophy” of the 
left ventricle. The R wave in lead V¢ was equal 
to or higher than 21 mm in 60 per cent of the 
Cascs. 

In 60 per cent of the patients with electro- 
cardiographic data suggesting hypertrophy of 
the left ventricle, a T wave of the type called 
“diastolic overloadinge’’ was found in the left 
precordial leads and other leads representing the 


potential of the left ventricle. 


REFERENCES 


Woon, E. H., 


Anatomic, 


1. J. W., Swan, J. C., 
BuRCHELL, H. B., and Epwarps, J. E.: 
physiologic, and surgical considerations in repair 
of interatrial communications in man. J. 
Thoracic Surg. 29: 37, 1955. 

2. Marsico, F., PeXatoza. D., TRANCcHEs!, J., Limon, 

R., and Sopi-Pauiares, D.: The electrocardi- 
ogram in ventricular septal defect: Scalar and 
vectorial analysis of thirty-two cases. Am. 

Heart J. 49: 188, 1955. 

3. Kirkuin, J. W., Donatp, D. E., HARsHBARGER, 
H. G., Herzer, P. S., Patrick, R. T., 
H. J. C., and Woop. FE. H.: Studies in extracor- 


poreal circulation. I. Applicability of Gibbon- 


Swan, 


type pump-oxygenator to human _ intracardizc 
surgerv: 40 cases. Ann. Surg. 144: 2, 1956. 

4, Fretpman, E. J.. Lunpy,. J. S., DuSuane, J. W., and 
Woop, E. H.: Anesthesia for children under- 
going diagnostic cardiac catheterization.  Anes- 
thesiology 16: 868, 1955. 

A simple. indifferent, electro- 

cardiographic electrode of zero potential and 


5. GoLDBERGER, E.: 


JUNE, 1959 


10. 


20. 


Toscano-Barsoza, F. 


Toscano-Barboza and DuShane 731 


technique of obtaining augmented. unipolar, 

extremity leads. Am. Heart J. 23: 483, 1942. 

BRANDENBURG. R. QO.. and 

Swan, H. J. C.: Atrial septal defect. The 
electrocardiogram and its hemodynamic cor- 
relation in 100 proved cases. Am. J. Cardiol. 
2: 698, 1958. 

ZIEGLER, R. F.: Electrocardiographic Studies in Normal 
Infants end Children. Thomas, Springfield, Il., 1951. 

D., ParAs, O., Caprera C., E., 
and Menpoza, F.: La deflexién intrinseca en 
casos normales y en hipertrofias ventriculares. 
Arch. Inst. cardial. México 16: 397, 1946. 

Sopi-PaLLareEs, D.: New Bases of Electrocardiography, 
ed. 3 (Trans. by R. M. Calder). Mosby, St. 
Louis, 1956. 

AsHMAN, R. and Hutt. E.: Essentials of Electrocardi- 
ography for the Student and Practitioner of Medicine, 
ed. 2. Macmillan, New York, 1941. 

Jouve, A., 


Buisson, P., AtBouy, M., VELASQUE, 


P., and Bercier, G.: Le point origine de la 
boucle vectocardiographique: Sa détermination 
son importance pratique. Arch. mal. coeur. 

43: 215, 1950. 

PENaLoza, D. and Trancuest, J.: The three main 

vectors of the ventricular activation process in the 

normal human heart. I. Its significance. Am. 
Heart J. 49:51, 1955. 

GRISHMAN, A. and Scneruts, L.: Spatial Vector- 
cardiography. Saunders, Philadelphia, 1952. 

Grant, R. P. and Estes, E. H., Jr.: Spatial Vector 
Electrocardiography: Clinical Electrocardiographic In- 
terpretation. Blakiston, New York, 1951. 

Sopi-Partares, D., Bisrent, A., and HERRMANN, 
G. R.: Some views on significance of qR and 
QR type complexes in right precordial leads in 
the absence of myocardial infarction. Am. Heart 
J. 43: 716, 1952. 

ZUCKERMANN, R.. GuzMAN DE LA Garza, C., Cis- 
NEROS, F., and MeprRANo, G. A.: electrocardi- 
orgama en 21 tipos diferentes de cardiopatias 
congénitas. Arch. Inst. cardiol. México 22: 550, 
1952. 

Toscano Barspoza, E.. BRANDENBURG, R. ©., and 
H. B.: 


of cases with intracardiac malformations of the 


Electrocardiographic studies 


atrioventricular canal. Proc. Staff Meet. Mayo 
Clin. 31: 513, 1956. 

CasBrRERA C., E. and Monroy, J. R.: Systolic and 

diastolic loading of heart. I. Physiologic and 
clinical data. I]. Electrocardiographic data. 
Am. Heart J. 43: 661 and 669, 1952. 

BarKER, J. M. and Vavencia, F.: The precordial 
electrocardiogram in incomplete right bundle 
branch block. Am. Heart J. 38: 376, 1949. 

Sopt- D., Estanpia, A., SoperON, J., and 
Ropricuez, M. I.: The left intraventricular 

Method. II. 

Criteria for diagnosis of incomplete bundle branch 

block. Am. Heart J. 40: 650 and 655, 1950. 


potential of human heart. I. 


rio- 
G. 
idy 
hal 
)Si- 
nic 
1ed 
ita 
8. 
‘ial 
ed 
ed 9. 
he 
1t) 
O- 
ic 
l- 12. 
S- 
d 
13. 
l- 
it 14. 
e 
15 
) 16. 
17. 
l 
18. 
19, 


73 


21. 


N 


Qe 


uw 


26. 


2 


. J. F.: 


Karz, L. N. Diphasic QRS 
type of electrocardiogram in congenital heart dis 

1m. Heart J. 13: 202, 1937. 

ivan, I. F.: 


complex in right ventricular hypertrophy as ob 


and WACHTEL, H.: 


ease. 
Soxo.Low, M. and The ventricular 
tained by unipolar precordial and limb leads. 
Am. Heart J. 38: 273, 1949. 
Soxo.tow, M. and FriepLanper, R. D.: The nor- 
mal unipolar precordial and limb lead electro- 
Heart J. 38: 665, 1949. 


Electrocardiogram in normal chil- 


cardiogram. Am. 


dren and in children with right ventricular 
Brit. Heart J. 14: 173, 1952. 

and Menpy, J. C.: Precordial leads in 
Arch. Int. Med. 78: 31, 1946. 

Sapin, S. O., and 


A study of the electrocardiogram 


hypertrophy. 
BatTTro, A. 
children 
BRAUNWALD, E., Donoso, E., 


GRISHMAN, A.: 


29. 


ECG in Ventricular Septal Defect 


and vectorcardiogram in congenital heart disease. 
I. Electrocardiographic criteria for ventricular 
hypertrophy. Am. Heart J. 50: 591, 1955. 

Becu, L. M., Fontana, R. S., DuSuHaneg, J. W., 
Kirkuin, J. W., BuRCHELL, H. B., and Epwarps, 


tricular septal defect. 


Anatomic and pathologic studies in ven- 
14: 349, 1956. 
Ventricular com- 


Circulation 


plex in left ventricular hypertrophy as obtained 


SoKoLow, M. and Lyon, 


by unipolar precordial and limb leads. 
J. 37: 261, 1949. 
KossMANN, C. E.: Normal 
Circulation 8: 920, 1953. 
Kap.an, L. G. and Katz, L. N.: 
electrocardiograms in left ventricular strain with 
J. M. Se. 201: 


Am. Heart 
electrocardiogram. 
The characteristic 


and without axis deviation. Am. 


676, 1941. 


THE AMERICAN JOURNAL OF CARDIOLOGY 


28. 
| 
30. 
| 


m, 


Reassessment of Electrocardiographic 


Findings in Isolated Interventricular 


Septal Defect’ 


JosEPH E. WARREN, M.D. and ALFRED L. JANNICELLI, M.D. 


Roslyn, New York 


r BECOMES necessary at periodic intervals to 
reassess the accuracy of existing diagnostic 
criteria. This evaluation is necessary in the 
light of newly ascertained facts as related to the 
various pathologic problems with which we are 
confronted. As the pattern of a disease state 
becomes clarified and delineated, the pre-exist- 
ing diagnostic data must be realigned to the 
newly ascertained facts. In the study of con- 
genital heart disease, a pattern of transition 
and variation has been most characteristic. 
The wide scope of physiologic, radiologic, and 
surgical advances in this field of cardiology has 
been awe inspiring. ‘The routine use of the elec- 
trocardiogram however has always remained 
basic to these advances. The graphically in- 
scribed patterns of electrical activity have af- 
forded one of the more stable features in the 
changing concepts of cardiac malformations. 
Even these, however, have had their own inher- 
ent mutability and are in need of periodic reas- 
sessment. A correlated study of the electrocar- 
diogram as it relates to a basic defect in cardiac 
development, isolated interventricular septal 
defect, is the subject of this report. 


MATERIALS AND METHODS 


The electrocardiograms of a group of 51 pa- 
tients, 23 males and 28 females, were studied. 
All had clinical or pathologic findings limited to 
one specific lesion, isolated interventricular sep- 
tal defect. All patients were hospitalized, and 
were seen conjointly by several physicians as part 
of their preliminary investigation. All pa- 


tients had confirmatory studies performed. 
These consisted of corroboration by at least one 
of the following: (1) cardiac catheterization; 
(2) angiocardiography; (3) cardiac surgery; 
(4) autopsy. Patients without corroborative 
findings were eliminated from the study, as 
were patients with multiple cardiovascular de- 
fects. ‘The study was limited to those patients 
with isolated interventricular septal defect. 

The electrocardiograms consisted of three 
standard bipolar limb leads, three (augmented) 
unipolar limb leads, and a minimum of six pre- 
cordial leads. Actually the majority of elec- 
trocardiograms consisted of nine _ precordial 
leads. The electrocardiograms were _inter- 
preted, 1elated to age, and grouped into the fol- 
lowing age patterns: (1) one to three months; 
(2) four to six months; (3) seven months to one 
year; (4) one to three years; (5) three to six 
years; (6) six to thirteen years; (7) 13 years 
and over. 

The electrocardiographic findings were tab- 
ulated in regard to axis deviation, heart posi- 
tion, P wave abnormalities, equiphasic com- 
plexes in the precordial and standard limb leads, 
bundle branch block, right ventricular hyper- 
trophy, left ventricular hypertrophy, and com- 
bined ventricular hypertrophy patterns. Be- 
cause of what appeared to the authors to be a 
significant repetitive finding, the amplitude of 
the R wave in lead aVR was individually meas- 
ured. In view of general agreement regarding 
the criteria for axis deviation, heart position, P 
wave abnormalities, and right and left bundle 


* From the Department of Medicine, St. Francis Hospital and Sanatorium, Roslyn, New York. 
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branch block patterns, these criteria are not 
further discussed in this report.'~* Since the 
criteria for ventricular hypertrophy on the other 
hand have remained controversial, the listing of 
the criteria used by the authors is considered a 
matter of special attention.‘~ 6 

A brief summary of the criteria for right 
ventricular hypertrophy follows: 


(1) R wave in V; is 7 mm or more in height. 

(2) S wave in V; or V¢ has an amplitude of 7 mm or 
more. 

(3) The sum of the amplitudes of the R wave in V, 
and the S wave in V; or V, is greater than 10.5 mm in 
individuals over the age of five years. 

(4) The ratio of the heights of the R wave and S 
wave in V, exceeds 1.0 mm in individuals over the age 
of five years. 

(5) Under the age of five years the ratio of the 
heights of the R wave and S wave in V;, exceeds 4.0 
mm. 

(6) Abnormally tall and broad initial R wave at V;, 
V3R, or V,R. 

(7) Delayed intrinsicoid deflections including R’ 
patterns in V, greater than 0.032 sec in children or 0.04 
sec in adults. 

(8) The R wave inaVR exceeds a height of 5 mm. 


Criteria for left ventricular hypertrophy are listed 
in brief summary as follows: 


(1) The height of the R wave in V; or V¢ exceeds 
26 mm. 

(2) The intrinsicoid deflection in V; or V¢ is greater 
than 0.04 sec in children or 0.06 second in adults. 

(3) The ST segment is depressed and the T wave is 


inverted in leads V; and Vz. 


When evidence of both right and left ventrice 


ular hypertrophy were present, the term 


combined hypertrophy was used. 


RESULTS 

The results of the study are summarized in 
Table [. 

Axis Deviation: Left deviation of the electrical 
axis was recorded in 25 per cent, and right devia- 
tion of the electrical axis in 27 per cent of the 
cases. The remaining 48 per cent revealed no 
significant deviation. Axis deviation as it re- 
lates to age appears in Table II. The signifi- 
cance of these findings will be discussed later in 
this report. 

Heart Position: 
cases revealed a vertical or semivertical position 
of the semihorizontal 


Fifty-one per cent of the total 


heart. Horizontal or 


rABLE I 


Percentage Distribution of Electrocardiographic Findings 


% 

Sex 

Male 45 

Female 55 
Axis deviation 

Right 27 

Left 27 

None 48 
Position 

Vertical 43 

Semivertical 8 

Indeterminate 10 

Intermediate 24 

Horizontal 13 

Semihorizontal 2 
P wave abnormalities 16 
R wave in aVR 

Over 5 mm 43 

Under 5 mm 57 


E.quiphasic complexes in bipolar 
limb leads 10 
Equiphasic complexes in four or more 


precordial leads 27 
Bundle branch block 
Complete right 2 
Incomplete right 20 
Complete left 0 
Incomplete left 0 
Ventricular hypertrophy 
Right 12 
Left 10 
Combined 22 
rABLE II 
Axis Deviation as Related to Age Group 
Left Right None 
Age oO 
(%) 
1—3 months 50 50 0 
4—6 months 0 
6 months-1 year 33 67 0 
1—3 years 40 10 50 
3-6 years 23 43 36 
6-13 years 21 14 65 
13 years and over 25 25 50 


heart positions were recorded in only 15 per 
The remaining cases were either inter- 
mediate or The relation of 


heart position to age appears in Table IIT. 


cent. 
indeterminate. 
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TABLE III 


nes Heart Position as Related to Age Group 
Vertical on Horizontal or 
Age semivertical semihorizontal 
(%) (%) A) (7%) 
1—3 months 50 50 0 0 
4-6 months a 0 50 25 
6 months-1 veai 67 33 0 0 
1-3 years 50 20 30 0 
3-6 years 57 14 7 22 
6-13 years 50 14 36 0 
13 years and over | 50 0 25 25 


The striking correlation between position and 
axis deviation in the age subgroups up to one 
year is to be noted. The general trend above 
the age of one vear was to maintain vertical 
position of the heart despite changes in the elec- 


trical axis. 

P Waves: Sixteen per cent of the electro- 
cardiograms revealed abnormalities in the P 
waves. The P wave was considered abnormal 
when it displaved marked widening, increased 
amplitude, peaking, or deep notching. These 
abnormalities most likely reflected actual atrial 
dilation or possibly strain secondary to increased 
transmitted ventricular pressures. ‘The P wave 
abnormalities were almost equally divided 
among the various age groups and showed no 
specific trends. 

R Wave in aVR: An amplitude of 5 mm or 
more had to be recorded in aVR before the R 
wave was considered abnormal. Nevertheless 
a surprisingly high percentage of electrocardio- 
grams revealed increased voltages. This in- 
crease was present even in advancing age groups. 
The majority of the patterns were generally of 


TABLE IV 
(Amplitude of R Wave in aVR as Related to Age Group 


Over 5 mm Under 5 mm 

Age or 

1—3 months 50 50 
4—6 months 50 50 

6 months—1 year 33.3 66.3 
1—3 years 20 80 
3-6 years 43 57 
6 years and over 21 79 
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the qR or QR type, reflecting orientation of 
terminal depolarization forces superiorly and to 
the right. These results are summarized in 
Table LV. 

A total of 43 per cent of the cases revealed an 
amplitude of 5 mm or more, while 57 per cent 
were under 5 mm. 

Equiphasic Complexes in Bipolar Limb Leads: 
Ten per cent of the series of electrocardiograms 
evidenced large equiphasic complexes in the bi- 
polar extremity leads. ‘These were, in general, 
divided equally among the various age groups. 
It might be noted at this time that there was no 
tendency in this series for equiphasic complexes 
to disappear in the older age groups. 

Equiphasic Complexes in the Precordial Leads: 
Only those electrocardiograms containing equi- 
phasic complexes in four or more leads were 
considered significant. A minimum of four 
leads was chosen in order to exclude the nor- 
mally recorded transitional zone complexes. 
Despite this minimum, 27 per cent of the cases 
revealed a pattern of persistent equiphasic 
complexes. A striking relation to age was also 
noted. Equiphasic complexes were recorded 
in 93 per cent of the cases in the age group from 
one month to six years, while only 7 per cent 
were recorded in older individuals. 

Bundle Branch Block: Complete bundle branch 
block was rare and found in only 2 per cent of the 
series. Incomplete bundle branch block on the 
other hand was found in 20 per cent of the cases 
and was notably limited to the pattern of in- 
complete right bundle branch block. The 


electrocardiographic interpretation of incom- 
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TABLE V 

Ventricular Hypertrophy as Related to Age Group 

Left ventricular Right ventricular Combined No 
Age hypertrophy hypertrophy hypertrophy hypertrophy 

(%) (%) (%) 
1-3 months 0 50 50 
4—6 months 0 50 25 
6 months~1 year 33.3 33.3 0 
1—3 years 10 40 50 
3—6 years 7 14 14 65 
6 years and over 11 11 5 74 


plete right bundle branch block as opposed to 
vectorcardiographic interpretation will be dis- 


cussed further. Incomplete right bundle 


branch block when related to age group was 
found in 90 per cent of the cases under the age 
of six and 10 per cent above the age of six. 

Hypertrophy: “Ventricular 


Ventricular hyper- 


trophy patterns were recorded in 44 per cent of 


the cases while 66 per cent revealed no hyper- 


trophy. Right ventricular hypertrophy was 


found in 12 per cent, left ventricular hypertro- 
phy in 10 per cent, and combined hypertrophy 
in 22 percent. The relation of ventricular hy- 
pertrophy to age is summarized in Table V. 
Right ventricular hypertrophy patterns were 
present in 33.3 per cent of the electrocardio- 
erams of individuals over the age of six, and 66.6 
per cent of those under the age of six. Forty 
per cent of patients with left ventricular hyper- 


trophy and only 9 per cent of those with com- 


bined hypertrophy patterns were over the age of 


six. It thus is apparent that the patterns for 
either right or left ventricular hypertrophy were 
rather evenly divided. ‘The pattern of com- 
bined hypertrophy, however, was not commonly 
found beyond the age of six years in this series. 


DIscussION 


The electrocardiogram may reveal certain 


features which suggest the presence of interven- 
tricular septal defect. These are mainly re- 
lated to conduction defects, hypertrophy pat- 


terns, P wave abnormalities, and direction of 


electrical forces. 
The general concepts concerning axis devia- 
tion, anatomic heart position, electrical heart 


position, their similarities and differences are 


well known, and need no further mention,’ 


AXIS DEVIATION AND HEART POSITION 


The deviation of the electrical axis followed no 
consistent pattern, did not differ appreciably 
from that found in normal children, and was to a 
major extent dependent on position and rotation 
of the heart in the chest as well as on the poten- 
tial differences in the ventricles. Horizontal po- 
sition of the heart as normally found in children 
is generally secondary to a structurally trans- 
verse chest with a high position of the dia- 
phragm. Left axis deviation is commonly found 
in these cases and the clectrocardiographic posi- 
A verti- 


cal, narrow chest with a low position of the dia- 


tion of the heart is usually horizontal. 


phragm results in a rotation of the heart on its 
longitudinal axis, vertical heart position, and 
frequently right deviation of the electrical axis. 
The 


axis deviation was most graphically illustrated 


association between heart position and 


in age groups one to three months, four to six 


months, and six months to one year (see 
Tables III and IV). 
Correlation of Axis Deviation and Ventricular 


Hypertrophy: There was no significant correlation 
between ventricular hypertrophy, axis deviation, 
and heart position. ‘This lack of correlation em- 
phasizes the waning importance of axis devia- 
tion as a diagnostic tool in electrocardiographic 
This does not mean, however, 
When 


viewed in proper perspective, axis deviation and 


interpretation. 
that the latter is void of diagnostic value. 


heart position may very well serve as valuable 
adjunctive findings in completing the diagnostic 
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picture. Vectorcardiographic — studies have 
helped to resolve certain  discrepancies.?~” 
Lasser and Grishman" studied the vectorcardio- 
grams of cases of right ventricular hypertrophy 
whose electrical axis was unusual or which dis- 
closed left axis deviation instead of the expected 
right axis deviation. It was shown that the 
development of right ventricular hypertrophy 
shifts the mean electrical axis upward and to the 
right, and if this shift continues the axis will 
progress past 180 degrees to the right posterior 
quadrant, giving rise to an S,SeS3 pattern, or 
further into the zone between minus 90 degrees 
and zero, thereby recording a pattern of left 


axis deviation. 


EQUIPHASI( COMPLEXES IN THE 
BIPOLAR LIMB LEADS 


Equiphasic complexes in the bipolar limb 
leads is a rare finding in the normal heart,’ but 
was present in 10 per cent of our series of inter- 
ventricular septal defects. When found, the 
diagnosis of interventricular septal defect should 
be stronely considered. ‘This sign, however, is 
not specific for this lesion and is found in other 


varicties of congenital defects as well. 


VENTRICULAR HYPERTROPHY AND 
BUNDLE BRANCH BLOCK 

Right ventricular hypertrophy appeared in 
6 cases, left ventricular hypertrophy in 5 cases, 
combined hypertrophy in 11 cases, right bundle 
branch block in 11 cases, and normal patterns 
in 29 cases. Kjellberg and his group reported a 
series of 54 cases and found right ventricular 
hypertrophy in 15 cases, left ventricular hyper- 
trophy in 4 cases, right bundle branch block in 4 
cases and combined hypertrophy in 13 cases.” 

Incomplete Right Bundle Branch Block: The 
criteria for the diagnosis of right, left, and com- 
bined ventricular hypertrophy have been men- 
tioned previously. Proper interpretation, how- 
ever, becomes confusing when a pattern of rSR’ 
or one of its variants is obtained, as this poses the 
question of possible incomplete right bundle 
branch block. Weiner, Levinson, and Elek™ 
reported a series of six cases where the electro- 
cardiogram showed right ventricular hyper- 
trophy which was confirmed in all cases by 


vectorcardiographic findings of right ventricular 
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hypertrophy. Incomplete right bundle branch 


block was reported electrocardiographically in 
two Cases but in no instance did the vectorcardio- 
gram confirm the presence of right bundle 
branch block. The vectorcardiogram appears 
to be superior to the electrocardiogram in dif- 
ferentiating incomplete right bundle branch 
block and right ventricular hypertrophy. 

The electrocardiographic interpretation of 
incomplete right bundle branch block may 
therefore lead to the erroneous conclusion that 
conduction defects are a significant finding in 
defects of the ventricular septum. ‘This corre- 
lation has already been made between the pres- 
ence of incomplete right bundle branch block 
and interatrial septal defect. It is suggested 
that confrontation with a right precordial rSR’ 
pattern or its variants should be noted as such, 
without labeling the pattern as diagnostic of 
right ventricular hypertrophy or bundle branch 
block unless confirmation of one or the other is 
obtained with a vectorcardiogram. It should 
be noted, however, that electrocardiographic in- 
terpretation of incomplete right bundle branch 
block was made in 20 per cent of our series, and 
remains a diagnostic clue whether or not this 
pattern is ultimately confirmed to represent 
right bundle branch block or right ventricular 
hypertrophy. 

Correlation of Anatomic, Physiologic, and ECG 
Changes: Grant" discusses three different types 
of electrocardiographic patterns seen in patients 
with right ventricular hypertrophy: 

(1) Production of an abnormally tall and 
broad R wave at V;, due to QRS forces gener- 
ated during the first 0.04 sec of the QRS interval 
and which point abnormally anteriorly. ‘This 
pattern is ascribed to hypertrophy of the septal 
and paraseptal portions of the right ventricle. 

(2) Production of an S wave in lead 1 and a 
late R wave in V, due to QRS forces generated 
late during the QRS interval and pointing ab- 
normally anteriorly and rightward. ‘This pat- 
tern is found when the outflow portions and 
crista regions of the free wall of the right ventri- 
cle are involved in the right ventricular hyper- 
trophy. 

(3) When components of the QRS interval 
are weighted rightward and anteriorly, the 
transition of the QRS complex in the precordial 
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leads shifts to the right and the mean QRS axis 
deviates rightward. 

The anatomic defect in the ventricular septum 
is the basis for certain physiologic changes. 
When viewed from the aspect of the electro- 
If the 


physiologic changes are such that the outflow 


cardiogram, certain features are found. 


tract of the right ventricle and the crista portion 
become hypertrophied, the terminal forces will 
point anteriorly and rightward and an R’ 
pattern will be recorded in V,;. This pattern 
has in a great many instances in the past been 
incomplete right 


interpreted erroneously as 


bundle branch block. ‘The same forces gener- 
ated rightward and superiorly inscribe a qR pat- 


tern in aVR. The R wave in the latter lead 


measured over 2 mm in the great majority of 


our cases and was actually over 5 mm in as much 
as 43 per cent of the total series. ‘The presence 
of an R’ in the right precordial leads tended to 
disappear after the age of six. This is probably 
related to the initial development of hypertrophy 
of the outflow and crista regions of the right 
ventricle. 

When hypertrophy involves the remaining 
portion of the right ventricle, the resultant elec- 
trical forces apparently dampen or counter- 
balance the R’ effect, and the latter is no longer 
When paraseptal 


forces of the right ventricle are predominantly 


recorded. the septal and 
involved, the abnormal right ventricular forces 
become evident in the first part of the QRS pat- 
tern and an abnormally tall and broad R wave 
is inscribed. 

Development of biventricular hypertrophied 
muscle masses results in the inscription of com- 
bined hypertrophy patterns. The hypertrophy 
of the septal and paraseptal portions of both 
ventricles results in the generation of these 
forces over a greater area, and consequently, 
transitional equiphasic complexes are inscribed 
over an increased number of precordial leads. 
This pattern was actually found in a total of 27 
per cent of our series. It tended to disappear 
with increasing age and was relatively uncom- 
mon after the age of six. It is probable that up 
to this age the ventricular forces are in relatively 
equal balance, whereas beyond the age of six 
the balance of forces is such that either predom- 
inant hypertrophy of one ventricle over the 


other is evidenced, or no hypertrophy pattern js 
inscribed. We thus have a paradoxic situation 
of the absence of electrocardiographic evidence 
of hypertrophy in the face of actual anatomic 
biventricular hypertrophy. ‘This may well ex- 
plain the frequent discrepancies found between 
the electrocardiographic and autopsy findings 
in studies of ventricular hypertrophy. 

The results of our study tend to support the 
existence of certain diagnostic clues which are 
present in the electrocardiograms of patients 
with isolated interventricular septal defects, 
These clues are secondary to the anatomic and 
physiologic changes which take place in the em- 
bryologically defective heart. They are mainly 
referable to P wave abnormalities, amplitude of 
the R wave in aVR, equiphasic complexes in 
the bipolar limb leads and precordial leads, con- 
duction defects of incomplete right bundle 
branch block (although the electrocardiographic 
interpretation may not necessarily be correct), 
and right, left, and combined ventricular hy- 
pertrophy patterns. Certain features may be 
related to age group, while others bear no such 


relation. 


SUMMARY 

(1) ‘The electrocardiograms of a group of 51 
patients with isolated interventricular septal 
defects were studied. 

(2) The findings were tabulated with re- 
gard to percentage distribution of sex, axis de- 
viation, heart position, P wave abnormalities, 
amplitude of R wave in aVR, equiphasic com- 
plexes in bipolar limb leads and_ precordial 
leads, bundle branch block, ventricular hyper- 
trophy, and related to specific age groups. 

(3) Certain features were present in the elec- 
trocardiograms of patients with interventricular 
septal defect which suggested the presence of 
this embryologic abnormality. 

(4) The limitation of the electrocardiogram 
in the interpretation of an incomplete right 
bundle branch block pattern was pointed out, 
although the presence of the pattern itself re- 
mained a significant finding. 

(5) The relation of specific electrocardio- 
graphic patterns to anatomic hypertrophy pat- 


terns was discussed. 
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Mitral Insufliciency and Pulmonary 


Hypertension Accompanying Patent 


Ductus Arteriosus 


Report of Three Cases” 


LEONARD M. LINDE, M.D. and Forrest H. ADAmMs, M.D. 


Los Angeles, California 


clinical diagnosis of uncomplicated 
patent ductus arteriosus is not difficult.” 
When this defect exists in association with other 
cardiovascular anomalies, the classic signs are 


often absent. This report presents three pa- 


tients with the previously unreported triad of 


mitral insufficiency and pulmonary hyperten- 
sion in association with patent ductus arteriosus. 
Clinical and laboratory findings, physiologic 
data, and difficulties encountered in the defini- 
tive diagnosis will be discussed. 


CASE HISTORIES 


Case 1. D.N., a 15-month-old white girl, was noted 
to have grunting respiration and duskiness, with crying 
since birth. A heart murmur was heard at age two 
months. Except for frequent colds, development was 
normal. 

Physical Examination: Significant signs included pre- 
cordial bulge and subcostal and suprasternal inspira- 
tory retractions. There was a grade 3 long, loud, 
systolic murmur over the entire precordium, but heard 
best in the left 3rd to 4th interspaces along the left 
sternal border, and transmitted out to the apex. The 
pulmonary second sound was felt to be obscured by the 
long murmur which possibly extended into diastole. 

Laboratory Findings: The electrocardiogram revealed 
left axis deviation, right ventricular hypertrophy with 
possible left ventricular enlargement. Radiographic 
studies showed generalized cardiomegaly, right and left 
ventricular hypertrophy, enlargement of the pulmonary 
artery segment, and markedly increased pulmonary 
vascularity (Fig. 1, top left). 

Course: At cardiac catheterization at age 16 months, 
right ventricular hypertension was found and the 


catheter passed through a patent ductus arteriosus into 
the descending aorta. The ductus was surgically 
ligated, but postoperatively there remained an apical, 
blowing, systolic murmur transmitted to the left axilla. 
Signs of decreasing pulmonary hypertension and right 
ventricular hypertrophy made the persisting left ventric- 
ular enlargement easily discernible (Fig. 1, top right). 

At five years of age the apical murmur was still 
present with left atrial and left ventricular enlargement. 
Cardiac catheterization now revealed normal right 
heart pressures, and no evidence of any left-to-right shunt. 
An angiocardiogram, with selective injection of radio- 
opaque material into the main pulmonary artery, 
demonstrated dilution of a large dye-filled left atrium 
by unopacified blood from an enlarged left ventricle 
(Fig. 3). 
contrast material, this dilution effect was no longer 


Once the left ventricle became filled with 
visible. This was felt to be graphic proof of the clini- 
cally diagnosed mitral insufficiency which remained 


after surgery. 


Case 2. R. M. K., a seven-year-old white girl, was 
noted to have a heart murmur at six weeks of age. 
Except for mild dyspnea with exertion, she had remained 
entirely asymptomatic. Previous clinical studies were 
felt to indicate an interventricular septal defect. 

Physical Examination: She was a charming, normal, 
and healthy appearing girl. Strong impulses were 
felt at the apex and at the left base. A long, blowing, 
grade 3 systolic murmur was present at the apex, and 
transmitted along the left sternal border. The pul- 
monary 2nd sound was markedly increased. 

Laboratory Findings: The electrocardiogram showed 
left ventricular hypertrophy, but an upright T wave in 
lead V, was felt to possibly indicate right ventricular 
hypertrophy in addition.* Roentgenograms demon- 
strated a markedly enlarged left atrium and left ven- 
tricle, some right ventricular and pulmonary artery 


* From the Department of Pediatrics, School of Medicine, University of California, Los Angeles, California. 
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and postoperative (right c 
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Patent Ductus Arteriosus and Mitral Insufficiency 


Posterior-anterior Lateral Left anterior oblique 


Z Preoperative roentgenograms showing left atrial enlargement, biventricular enlargement, and 


Fig. 2 
increased pulmonary vascularity. 


Case 2. 


.3 (see facing page for caption) 
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and 


enlargement, and increased pulmonary vascularity 
(Fig. 1, middle left, and Fig. 2). 

Course: At cardiac catheterization, pulmonary hyper- 
tension of 104/56 mm Hg was noted along with a 
marked increase in oxygen saturation at the level of the 


ductus arteriosus. A lung biopsy taken at the time of 


surgical ligation of the ductus showed moderate medial 
hypertrophy and mild intimal proliferation of the pul- 
monary arterioles. The postoperative course was quite 
smooth. 

Since surgery the child has remained completely 
asymptomatic, and the over-all cardiac enlargement has 
progressively decreased (Fig. 1, middle right). The 
murmur is now grade 3 systolic, blowing at the apex, 
transmitted to the left axilla, and felt by all observers 
to be typical of mitral insufficiency. The pulmonary 
2nd sound is still increased, but less than formerly. 
Electrocardiographic confirmation consists of a decrease 
in the left ventricular hypertrophy, but a_ persistent 


upright T wave in V;. 


Case 3. 


to have a heart murmur at birth, but has remained 


M. F., a three-year-old white girl was noted 


completely asymptomatic. For this reason an initial 
cardiac consultant advised delaying definite diagnostic 
procedures. 

Physical Examination: Except for her small size she 
appeared to be quite healthy. Weight was 10.5 kg 
(below the third percentile for age three), and height 
was 87 cm (below the tenth percentile for age three). 
There was a slight left precordial bulge and an apical 
systolic impulse and thrill. The area of cardiac dullness 
was enlarged. <A grade 4 rough, systolic murmur was 
heard best in an area between the lower left sternal 
border and the apex, with transmission along the left 
sternal border, to the apex, into the neck vessels and to 
the left back. ‘The 2nd sound at the pulmonic area was 
slightly split and markedly increased. 

Laboratory Findings: The electrocardiogram showed 
combined ventricular hypertrophy. Roentgenographic 
examination demonstrated enlargement of the right 
ventricle, left ventricle and left atrium with increased 
pulmonary vascular markings (Fig. 1, lower left). 

Course: At cardiac catheterization, the catheter was 
passed through a patent ductus arteriosus. Pressure in 
the pulmonary artery was 81/30 mm Hg, in the ductus 
95/45 mm Hg, and in the aorta 105/46 mm Hg. 

Lung biopsy at the time of surgical ligation of the 
ductus revealed moderate medial hypertrophy of the 
pulmonary arterioles. Postoperative course was un- 
complicated. 

The child has seemed more active and vigorous since 


surgery, but there is a persistent grade 4 long, blowing, 


Fig. 3. Case 1. 
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apical, systolic murmur transmitted to the left axilla. 


The second sound at the pulmonary area is now normal. 


Discussion 

Previous reports have described the associa- 
tion of patent ductus arteriosus with septal 
defects,?'* pulmonary hypertension,'~* coarcta- 
tion of the aorta,’:* pulmonic stenosis’ and insuf- 
ficiency,’ aortic valve abnormalities,'®"' and 
mitral The particular combina- 
tion of lesions seen in these three patients has 
not been described. Because of this, and in 
view of the difficulties and importance of early 
definitive diagnosis, the clinical and laboratory 
features of this entity will be discussed in some 
detail. 

History: The occurrence of this entity in 
three girls goes along with ine well known in- 
creased incidence of patent ductus arteriosus 
in females,':? and suggests that the PDA may 
bear a causal relationship to the rest of the 
picture.» A heart murmur was heard at two 
months in case 1, six weeks of age in case 2, and 
at birth in case 3. Except for slight respiratory 
difficulty in case 1, and mild dyspnea with ex- 
ertion in case 2, the symptoms were minimal 
in all three children. Growth and development 
were normal, although the girl in case 3 was small 
for her age (below the tenth percentile for height 
and weight). In each girl, interventricular 
septal defect was the initial cardiologic impres- 
sion with a recommendation of watchful waiting. 

Physical Examination: None of the girls ap- 
peared acutely or chronically ill. All showed 
a palpably enlarged heart, a left precordial 
bulge, and forceful precordial and apical im- 
pulses. In each a long, loud, blowing, systolic 
murmur was heard at the lower left sternal 
border and apex with transmission to the axilla. 
Pulmonary hypertension was suggested in cases 
2 and 3 by the loud, snapping pulmonary 
second sour.d. In case 1, a long murmur was 
felt to extend into early diastole partly obscur- 
ing the second heart sound. 


Angiocardiographic demonstratjon of mitral insufficiency by washout of the left atrium from the left 


ventricle. (A) Selective injection of contrast material into the main pulmonary artery, outlining the pulmonary arterial 
tree. (B) The pulmonary veins are seen emptying into the left atrium. Note that only the right side of the left atrium is 
dye filled. (C) At a later stage the pulmonary veins are more clearly seen, but the central portion of the left atrium 
still does not visualize. We feel that contrast material is entering the left atrium, but is being washed out by the regurgi- 
tant jet from the unopacified left ventricle. (D) In this film, now that the left ventricular cavity is opacified, the re- 
gurgitant jet allows us to visualize the entire enlarged left atrium for the first time. 
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Laboratory Findings: Electrocardiograms all 


showed combined ventricular hypertrophy. 


Roentgenographic 
strated marked generalized cardiomegaly with in- 


studies uniformly demon- 


creased pulmonary vascular markings (Figs. 1 and 
2). Enlargement of the left atrium, left ven- 
tricle, right ventricle, and pulmonary artery 
segment was constant. 

At cardiac catheterization, evidence for a 
arteriosus with pulmonary 


patent ductus 


hypertension was obtained. In cases 1 and 3, 
the catheter passed through the ductus into 
the descending aorta, while in case 2 the 
diagnosis was made by the marked increase 
in oxygen saturation at the level of the ductus. 
In these three, the degree of pulmonary hyrer- 
tension was greater in the older children. 
Course: Each patient had surgical ligation 
of the ductus. Exercise tolerance uniformly 
improved following surgery, and the parents 
feel that the children are subjectively well in 
spite of evidences of a remaining cardiac 
lesion. A comparison of pre- and postoperative 
chest films (Fig. 1) reveals a marked decrease 
in over-all heart size, and a decrease in right 
ventricular, pulmonary artery, and left atrial 
enlargement with some decrease in left ven- 
tricular enlargement. In addition, postopera- 
tive films show normal pulmonary vascularity 
(not well seen in reproductions). While evi- 
dence of right ventricular hypertrophy has 
subsided, electrocardiographic evidence of per- 
sistent left hypertrophy persists on each girl’s 
electrocardiogram. 
Differential Diagnosis: 
are first seen the main difficulty is differential 


When these patients 


diagnosis from interventricular septal defect. 
A combination of hemodynamic abnormalities 
appears to be responsible for the auscultatory 
confusion. The pulmonary hypertension causes 
a disappearance of the typical continuous ma- 
chinery murmur of the patent ductus arteriosus 
and results in a systolic murmur along the left 
sternal border.*:§ This merges with the apical 
murmur of mitral insufficiency with the result- 
ant murmur appearing to originate at the 
lower left sternal border. Only after ligation 
of the ductus is it evident that this second mur- 
mur originates at the apex and is transmitted 
to the left axilla. 


The clinical diagnosis of 


mitral insufficiency is obvious only after the 
ductus murmur has been surgically eliminated, 

In all three cases careful 
tion examination showed inconsistencies which 


precatheteriza- 


led to a need for more definitive diagnostic 
procedures. In case 1, the murmur seemed to 
extend into diastole. In case 2, the electro. 
cardiogram showed persistent left ventricular 
hypertrophy which would be unusual if the 
patient had an interventricular septal defect 
with severe pulmonary hypertension. In case 
3, a systolic thrill seemed to be more prominent 
at the apex than at the left sternal border. 
Cardiac catheterization was required for defi- 
nite diagnosis of patent ductus arteriosus and 
pulmonary hypertension, while the mitral 
insufficiency lesion was not obvious until sur- 
gery had been accomplished. 

The significance of this combination of 
lesions seems to lie in the difficulties of definitive 
diagnosis, and in the dangers of delay in diagno- 
sis and resultant surgery. Initially, all three 
patients were thought to have an interventricular 
septal defect with some degree of pulmonary 
hypertension. An initial recommendation of 
watchful waiting would have had disastrous 
results. Excess flow to the lungs via_ the 
patent ductus arteriosus, plus the added eventual 
insult to the pulmonary vascular tree that has 
been described in late mitral insufficiency,'® 
would have soon resulted in sufficient increase 
in pulmonary resistance to reverse the flow 
through the ductus.4~® Surgical closure of the 
ductus would then have been attended with ex- 
tremely high mortality. 

Etiology of the Mitral Insufficiency: 


ence of pulmonary vascular disease along with 


The pres- 


the open ductus was proved here physiologically 
and at surgery. The typical loud, long, blow- 


ing, apical systolic murmur with radiation to 
the left axilla remaining in all three girls after 
closure of the ductus, was felt to be sufficient 
mitral insuffi- 


evidence of the diagnosis of 


ciency.':4 In case 1, dye studies demonstrated 
the suspected mitral regurgitation (Fig. 3). 
The etiology of the mitral valve disease is 
Perhaps left ventricular enlargement 
vithout 


not clear. 
leads to stretching of the valve ring 


embryologic 


anatomic cusp deformity. An 


association between patent ductus arteriosus 


THE AMERICAN JOURNAL OF CARDIOLOGY 


and mitral insufficiency is difficult to imagine, 
but it is possible for the same insult to cause 
unrelated congenital defects. 

Rheumatic mitral insufficiency is unlikely 
in view of the early onset and the lack of in- 
Unrecog- 
nized subacute bacterial endocarditis leaving 


criminating family or past history." 


verrucous excrescences on the free margins of 
the mitral valve would be most unusual.!®:'6 

A much more likely cause of the mitral insuffi- 
ciency is secondary endocardial fibroelastosis. 
Left ventricular overwork related to the patent 
ductus arteriosus could result in fibroelastic 
proliferation coating the mitral valve and ren- 
dering it insufficient.!” 

Recent study’® suggests that the presence of 
rheumatic mitral insufficiency is not incom- 
patible with a normal life span. In the absence 
of autopsy findings, etiology of the mitral valve 


Indeed, dif- 


ferent causes, single or combined, may be op- 


disease can only be conjectural. 


erative in each of these three cases. 


CONCLUSION 
Three patients are reported with the previ- 
ously unreported triad of mitral insufficiency, 
hypertension, and patent ductus 
Recognition of the triad and sur- 


pulmonary 
arteriosus. 
gical closure of the patent ductus arteriosus 
resulted in marked improvement in each patient 
The etiology of the residual mitral regurgitation 
is not known, but its persistence has not pro- 
duced obvious functional impairment. 

Recognition of this combination of lesions, 
differential diagnosis from interventricular sep- 
tal defect, and surgical closure of the patent 
ductus arteriosus are of the utmost importance 
before these patients develop irreversible pul- 
monary hypertension. 
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Interventricular Septal Defects with 


Associated Major Vascular Anomalies 
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f I WE current literature relating to the cor- 
rection of interventricular septal defects 
makes frequent reference to associated cardio- 


vascular little 
been paid to specific physiologic considerations 


anomalies, but attention has 
and technical problems related to their com- 
bined management. 

Warden et al.,' in a series of 87 cases of in- 
terventricular septal defects, reported 26 as- 
sociated defects. The majority of these, in- 
tracardiac in location, consisted of additional 
septal defects that could be corrected, or lesions 
that could not be corrected such as endocardial 
Extracardiac lesions in 11 cases 


left 


fibroelastosis. 


included five superior venae cavae, four 


patent ductus arteriosus, and two coarctations of 


the aorta. Kirklin’ reported a series of 81 
interventricular 10 


sociated lesions, of which five were intracardiac. 


septal defects with as- 
The extracardiac lesions consisted of three left 
superior venae cavae, one patent ductus ar- 
teriosus, and one right aortic arch. 

instances, these associated lesions 


In many 


are of major significance. ‘They may enhance 
the clinical disability, confuse the diagnostic 
picture, and complicate the surgeon’s task, 
either in the correction of the septal defect or in 
the additive problem of their own repair when 
physiologically indicated. 

This paper reports three cases of open heart 
repair of interventricular septal defects in which 
anomalies were simulta- 


unusual associated 


Of 


elective repairs of interventricular septal de- 


neously successfully corrected. our 


fects, they are the first, third, and fourth pa- 
All 


upon with an extracorporeal 


tients subjected to operation. patients 


were operated 
pump oxygenator of the DeWall type. Elec- 
tive cardiac arrest was performed employing 


potassium citrate according to the Melrose 
technique. All lesions were diagnosed pre- 
operatively except for the anomalous pul- 


monary venous drainage of the left upper lobe 
9 


described in case 2, and the patency of the 


ductus arteriosus associated with the known 


coarctation of the aorta in case 3. 


CAsE HIsToRIES 


Case 1 (S. H.). This nine-year-old female was ad- 


mitted to Montefiore Hospital on September 12, 1957, for 


corrective surgery of a_ previously diagnosed _inter- 


ventricular septal defect and patent ductus arteriosus, 
with known anomaly of the aortic arch. Congenital 
heart disease was established at age 3! Development 
was within normal limits except for failure to gain in 
weight. Easy fatigability was present. In February, 
1956, she was successfully treated for subacute bacterial 


endocarditis. 


Physical examination revealed a thin small female 
child appearing younger than the stated age. There 
was a left precordial bulge of moderate degree. The 


heart was enlarged, with a harsh systolic murmur heard 
along the left sternal border in the 3rd and 4th inter- 
costal spaces. P-2 was much louder than A-2. A classic 
murmur of patent ductus arteriosus was heard in the left 
2nd intercostal space. 

X-ray examination revealed a generally enlarged 


* From the Surgical and Medical Divisions, ‘The Montefiore Hospital, New York, New York. 
Aided by a grant from the New York Heart Association. 
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Fig. 1. Case 1 (S.H.). X-rays of chest showing cardiac enlargement, increased pulmonary vascu- 
larity, right aortic arch, vascular shadow in left upper mediastinum, and retroesophageal ductus 


arteriosus, 


heart, increased vascularity of the lung fields, a right- 
sided aortic arch, a large retroesophageal vessel and a 
vascular shadow to the left of the upper mediastinum 
(Fig. 1). 
of both ventricles. Cardiac catheterization findings are 
detailed in Table I. 


Operative Procedure and Findings: 


Che electrocardiogram showed enlargement 


Operation was per- 
formed on September 17, 1957, through a_ bilateral 
anterior thoracotomy incision with transection of the 
sternum. A true right-sided aortic arch was found with 
a retroesophageal patent ductus arteriosus entering 
the left pulmonary artery (Fig. 2). The left subclavian 
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(A) PA view; (B) left lateral view; 


(C) right oblique view; (D) left oblique view. 

artery arose from the superior aspect of the ductus arteri- 
osus and ascended along the left side of the superior 
mediastinum. Measurements of the pulmonary artery 
and the aorta are indicated in Fig. 2. The ductus 
arteriosus was divided at its insertion into the left pul- 
monary artery. Following division of the ductus, blood 
samples drawn from the right atrium (saturation 54 per 
cent) and right ventricle (saturation 71 per cent), con- 
firmed the presence of a large interventricular shunt. 
Cardiopulmonary bypass was then established with 
arterial perfusion through the right femoral artery, 


followed by elective cardiac arrest. Right ventriculot- 


tye 
A B 
cw 
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TABLE I 


Physiologic and Operative Data 


Case 1 
Age at operation (years ) 9 
Weight (Ib) 40 


©) Satu- | Pressure 


Cardiac Catheterization 


SVC 65 

IVC 

RA 66 

RV 78-82 69/2 

PA 86 69 /46 

BA 

FA 97 90/58 
Flow rate of perfusion (cc/min) 900 
Duration of cardiac arrest (min) 28 
Total duration of perfusion (min) 42 


Analysis of reservoir blood at 
termination of perfusion 


Plasma hemoglobin (mg °%) 24 
Platelets (cu mm) 150,000 
Fibrinogen (mg %%) 200 


ration O.| mm Hg 


Case 2 Case 3 
6! 2 6 
28 42 
% mm Hg mm He 
74 71 
69 
68 70 
82 70/0 82 70/0 
82 69/54 82 69 /39 
110-160/50-70 
93 79 /47 99 90/60 
635 930 
11 11 
20 22 
50 30 
40,000 130,000 
220 220 


omy revealed a 2 cm defect in the ventricular septum 
completely concealed by the septal leaflet of the tricuspid 
valve. The chordal attachments of the septal leaflet to 
the ventricular septum were divided to visualize the 
defect. The aortic valves were immediately to the left 
of the defect and the annulus of the tricuspid valve was 
on its right rim. The defect was closed with 8 closely 
placed 3-0 silk sutures. The divided chordae tendineae 
were repaired. The postoperative course was uneventful. 


Case ‘2 (K. M.). This six-and-one-half-year-old 
white female child was admitted to Montefiore Hospital 
on October 31, 1957, for correction of a previously diag- 
nosed interventricular septal defect. Congenital heart 
disease was known since the age of eight months at which 
time a murmur was heard. She was always under- 
developed and gained weight poorly. There were no 
symptoms of cardiac decompensation. She was con- 
sidered to be somewhat mentally retarded. 

Physical examination revealed a very apprehensive, 
easily excited child, grossly underdeveloped for her 
chronologic age. The heart was enlarged, with a diffuse 
apical impulse observed in the 5th, 6th, and 7th inter- 
costal spaces on the left side. A harsh systolic murmur 
was heard best over the left 3rd intercostal space at 
which point a distinct thrill was palpable. The chest 
x-rays (Fig. 3) demonstrated increased vascular mark- 
ings in both lung fields with enlargement of the pulmo- 


nary artery and right ventricle. The electrocardiogram 
was interpreted as showing a large right ventricle. Car- 
diac catheterization findings are detailed in Table I. 
Operative Procedure and Findings: Operation was per- 
formed on November 4, 1957, through a bilateral anterior 
thoracotomy incision with transection of the sternum. 
The right ventricle was found to be greatly enlarged. 
The pulmonary artery was 1 inch in diameter in con- 
trast to the aorta which was '/2 inch in diameter at its 
origin. A large anomalous left upper lobe pulmonary 
vein was seen to drain into the left innominate vein. 
The remainder of the pulmonary venous drainage was 
normal. Cardiopulmonary bypass was established and 
arterial perfusion performed through the left subclavian 
artery. After elective cardiac arrest was established, 
right ventriculotomy revealed a 2 cm diameter defect 
in the outflow tract of the right ventricle. The margins 
of this defect were entirely muscular except for a small 
area in its upper portion. The defect was closed with 
multiple interrupted 3-0 silk sutures. Cardiac bypass 
was terminated after restoration of the heart beat. A side- 
to side anastomosis was then made between the left atrial 
appendage and the anomalous left superior pulmonary 
vein employing 5-0 atraumatic continuous silk sutures 
(Fig. 4). The anomalous vein was then ligated and 
divided at its insertion into the left innominate vein. 
The postoperative course was uncomplicated except 
for an asymptomatic complete heart block. Over the 
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(A) Anterior view of aortic arch anomaly; (B) posterior view. 


Fig. 3. 


tricle, and increased pulmonary vascularity. 


subsequent six months, this patient has shown progressive 
improvement in growth and no symptoms ascribable to 
the heart block. The postoperative pulse rate has varied 
between 55-110 with an average of 80 per minute. 


Case 3 (M. P.) This six-year-old white female was 
admitted to Montefiore Hospital on November 14, 1957, 
for correction of a previously diagnosed coarctation of 
the aorta and an interventricular septal defect. A heart 
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Case 2 (K. M.). X-rays of chest showing cardiac enlargement especially of the right ven- 
(A) PA view; (B) right lateral view. 


murmur was noted at birth and a diagnosis of congenital 
heart disease was established at the age of two months. 
A recent complaint was the onset of coldness and pares- 
thesias of the feet as well as easy fatigue of the legs. 
Physical examination revealed a fairly well-developed 
and well-nourished child. There was a systolic thrill 
and murmur in the 3rd left intercostal space. The aortic 
2nd sound was well heard but the pulmonic 2nd sound 
was distorted by the murmur. The blood pressure 
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Fig. 4. Case 2 (K. M.). (A) Anomalous left upper 
lobe vein entering the left innominate vein. Venou 
drainage of left lower lobe was normal. (B) Method of 
correction: Partial occlusion clamps placed on the side 
of the pulmonary vein and across the left atrial append. 
age in preparation for anastomosis. (C) Anastomosis 
completed and anomalous vein ligated and divided at 
the innominate vein. 


Fig. 5. (below) Case 3 (M. P.). X-rays of chest show- 
ing cardiac enlargement, especially of the left ventricle, 
and increased pulmonary vascularity. (A) PA view; 
(B) lateral view; (C) left oblique view. 
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© lateral thoracotomy incision. 


© arteriosus. 
was excised. 
| formed between the divided ends of the aorta. 


S was 160/70 in the arms, and the femoral pulses were 
not palpable. Chest fluoroscopy and x-ray demon- 
strated a large left ventricle and increased pulmonary 
S vascular markings (Fig. 5). 
showed enlargement of the left ventricle with possible 


The electrocardiogram 


combined ventricular strain pattern. Cardiac cath- 
eterization findings are,detailed in Table I. 

Operative Procedure and Findings: Operation was per- 
| formed on November 26, 1957, through a left postero- 
The findings were those 
of a typical coarctation of the aorta with patent ductus 
The ductus was divided and the coarctation 

An end-to-end anastomosis was then per- 
Upon 
completion of this procedure, blood drawn from the right 
atrium and right ventricle confirmed a significant inter- 
ventricular The incision was then extended 
transversely across the right chest with transection of the 
sternum. Cardiopulmonary bypass was_ established 
with arterial perfusion performed through the left sub- 
clavian artery. Ventriculotomy revealed a 7 mm defect 
in the inflow tract of the right ventricle, partially con- 
cealed by the septal leaflet of the tricuspid valve. This 
was closed with interrupted 3-0 silk sutures. The sub- 
clavian artery was repaired following removal of the 


shunt. 


catheter. The postoperative course was uneventful. 
Discussion 

Patent Ductus Arteriosus or Persistent Left Su- 
perior Vena Cava: When preoperative diagnostic 
examinations reveal associated cardiovascular 
anomalies, consideration may be given to the 
sequence of correction of all significant lesions 
and whether surgical repair may be done at 
one or more Often, however, 
they are a surprise finding at thoracotomy re- 
quiring rapid and versatile management. In 
the case of patent ductus arteriosus, or persist- 
ence of the left superior vena cava draining into 
the right or left atrium, the associated lesion 
must be controlled prior to the establishment 
of cardiopulmonary bypass. Failure to ac- 
complish this results in considerable loss of 
blood from the interior of the heart during the 
cardiotomy. It is therefore accepted practice 
to explore for these lesions in all cases. A pro- 
phylactic ligation of the ligamentum arteriosum 
is performed when found. The presence of a 
left superior vena cava is obvious upon in- 
spection of the superior mediastinum, and can 
be managed cannulation, occlusion, or 
ligation, depending upon the ultimate site of 
drainage, collateral communications, and the 
physiologic significance of the lesion. 


operations. 


by 
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In the first case (S. H.), the preoperative 
diagnosis complete and correct. The 
ductus was large and was a major contributing 
factor to the pulmonary flow and pulmonary 
hypertension. Occlusion of the ductus prior 
to its division resulted in a considerable rise in 
systemic blood pressure and a significant brady- 
cardia. It is beyond the scope of this paper to 
describe the multiple aortic arch anomalies.* 
When aortic arch anomalies are associated with 
interventricular septal defects, specific attention 
must be paid to the possibility of an associated 
coarctation of the 
evant to coarctation are discussed 
to case 3. It should be noted that in the great 
variety of anomalies of the aortic arch, the 


was 


aorta. The problems rel- 


in relation 


ductus arteriosus may be found entéfing either 
the left or right pulmonary artery, and diligent 
search must be made for the vessel before start- 
ing arterial perfusion. 
in this patient gave no symptoms of tracheo- 
esophageal compression. 


The aortic ring lesion 


Anomalous Venous In 
the second case (K. M.), the diagnostic cardiac 
catheterization performed the 
right arm, and therefore no screening sampling 
was done along the innominate vein. The 
superior vena caval oxygen saturation of 74 per 
cent as contrasted with an inferior vena caval 


Pulmonary Drainage: 


was through 


saturation of 69 per cent is not a diagnostic 
discrepancy, particularly in an anesthetized 
The 


was 


anomalous 
therefore not 


pulmonary venous 
pre- 


patient. 
drainage 
operatively. 

Partial anomalous pulmonary venous drain- 
age physiologically resembles interatrial septal 
defect with which it is so frequently associated. 
It constitutes an additional left-to-right shunt, 
recirculating oxygenated blood in the pul- 
monary bed. The anomalies of venous return 
of the right lung differ from those of the left 
lung. On the right side, the anomalous veins 
may enter the right atrium, superior or inferior 
vena cava. On the left side, as in the case 
described, the commonest site of drainage is 
into the left innominate vein. Other sites for 
drainage are into a left superior vena cava or 
the coronary sinus. Bilateral partial anomalous 
venous drainage occurs rarely. A variety of 
diagnostic techniques may be employed to es- 


diagnosed 


yy) 
7 
uppe 
7enous 
hod off 
1e Side 
pend. 
IM Osis 
led at 
how. 
ricle 
iew; 


tablish the diagnosis of anomalous pulmonary 
venous drainage, including conventional x-rays 
of the chest, cardiac catheterization, tomog- 
raphy, angiocardiography, and _ selective dye 
dilution studies. Preoperative 
anomalous veins is difficult and frequently the 
lesion is recognized only at operation. Anom- 
alous veins draining into the superior vena 
cava or inferior vena cava are usually easier to 
diagnose than those entering the right atrium. 

The surgical management of this lesion varies 
with the size of the lesion, size and length of 
the draining vessel, and the presence or ab- 
defect. A 
be performed to 


sence of associated atrial septal 


variety of procedures may 


correct the anomaly and _ specific preference 


would depend upon many factors.*®° These 
lesions do not interfere with intracardiac sur- 
gery during cardiopulmonary bypass. Their 
correction may await the repair of the inter- 
ventricular defect, or may be performed prior 
to cardiotomy, depending upon the apparent 
significance of the lesion. When anastomotic 
procedures are performed on the pulmonary 
veins, caution must be exercised to prevent 
edema of the lung. ‘The artery to the involved 
lobe or lung must be occluded if the vein is to be 
totally occluded during the performance of the 
anastomosis. This step may be omitted if the 
vein is only partially occluded, as in the case 
described above. Caution must also be ex- 
ercised in the occlusion of a major pulmonary 
artery in the presence of severe pulmonary 
hypertension. 
Coarctation of Aorta: In case 3, clinical and 
laboratory methods of investigation established 
the preoperative diagnosis of coarctation of the 


The 


patency of the ductus arteriosus was not de- 


aorta and interventricular septal defect. 


sampling in the main and right 


The left 


tected by 
pulmonary during catheterization. 
pulmonary artery was not entered. 
The diagnostic features of coarctation of the 
aorta associated with interventricular septal 
defects do not differ from those of the isolated 
lesion. The incidence of patent ductus arteri- 
osus in coarctation of the aorta is 10 per cent, 
but the incidence when further associated with 
interventricular septal defects is not known. 
The hypertension of the upper half of the body 


diagnosis of 
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is likely to be less severe and pulmonary hyper- 
tension more severe when additional left-to. 
right shunts such as interventricular septal 
defect and patent ductus arteriosus are pres- 
ent, since these function as channels for “run 
off of the blood proximal to the point of coarc- 
tation. Similarly, the left-to-right shunt through 
patent 
voluminous when 


the interventricular septal defect or 


ductus arteriosus is more 
under the influence of a hypertensive ventric- 
ular or aortic pressure. 

Careful consideration has been given to the 
priority of repair of these lesions when found in 
association. In any case, dissection for pos- 
sible patent ductus arteriosus must be done with 
ligation when present, prior to cardiopulmonary 
bypass or to correction of aortic coarctation, 
As regards the sequence of events in relation to 
the coarctation and interventricular defect, our 
experience is too limited to recommend a single 
operative attack as performed above. How- 
ever, whether correction is done in one stage or 
be approached 


two, the coarctation should 


first for the following reasons. If the ven- 
tricular septal defect and patent ductus arte- 
riosus are corrected prior to resection of the 
coarctation, the proximal aortic segment be- 
comes increasingly hypertensive by the elimina- 
tion of the “run off” through the two shunting 
defects. This hypertension subjects a ventric- 
ular defect suture line to additional stress. 
Prior correction of a coarctation, conversely, 
decreases the volume of either an intra- or extra- 
cardiac shunt and may materially benefit a 
poor risk cardiac patient awaiting further cor- 
With 


arterial perfusion through a femoral artery, the 


rective surgery. cardiac bypass and 
presence of a coarctation serves to obstruct 
retrograde flow to the head vessels. Perfusion 
through a subclavian artery presents a similar 
problem in relation to ischemia of the abdom- 
inal viscera. Under such circumstances the 
disproportionate venous return flow through the 
cannulated venae cavae may also complicate 
the perfusion unless provision can be made for 
The 


ostoperative bleeding in the hepariniz a- 
yostoperative bleeding the heparinized pa 


adequate-sized cannulae. chance of 


tient is decreased by the prior correction of the 


coarctation, as collateral circulation in the 


chest wall diminishes. Subsequent reopera- 
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tion in the same area for coarctation is rendered 
more difficult by the previous dissection of the 
ductus required for the bypass. 

It is our feeling that performance of the aortic 
anastomosis prior to systemic heparinization 
incident to bypass in a one-stage procedure will 
not significantly increase the risk of bleeding 
from this suture line. The incidence of bleed- 
ing as a complication may be decreased by 
meticulous hemostasis, proper oxygenation of 
the patient at all times, and by low levels of 
hemolysis in the pump-oxygenator system. 
The patient must also be adequately heparinized 
to prevent deposition of fibrin in the extra- 
corporeal circuit. 

In the selection of cases for this series, sub- 
jects presenting severe physiologic and clinical 
features were deliberately chosen for early 
operation. Perhaps, for this reason, the in- 
cidence of associated anomalies was dispropor- 


tionately high in our initial group of cases. 
SUMMARY 


Three cases of ventricular septal defect are 
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reported in which associated anomalies were 
simultaneously and successfully corrected by 
These included patent 
ductus arteriosus, anomaly of the aortic arch, 


open-heart surgery. 


anomalous left upper lobe pulmonary vein drain- 
ing into the left innominate vein, and coarcta- 


tion of the aorta. 
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Five and Ten Year Follow-up Study of 


Rheumatic Patients 


Role of Climate and Environment* 


Mitton S. SASLAW, M.D., F.A.c.c., F. A. 


HERNANDEZ, M.D., F.A.C.C., and HAzEL ELLEN 


RANDOLPH, M.A. 
> 


Miami, Florida 


sig and environment play important 
roles in influencing the frequency of oc- 
currence of rheumatic fever. How these fac- 
tors affect the recurrence rate and long-term 
outcome of rheumatic disease was investigated 
in Miami, Florida, an area where the climate is 
tropical and favorable. ‘This study was car- 
ried out in surroundings specially designed, 
constructed, and operated for the specific care 
of children who had suffered at least one attack 
of rheumatic fever or rheumatic heart disease. 
If residence under beneficial climatic and en- 
vironmental conditions can produce a more 
favorable prognosis in patients with rheumatic 
disease, these conditions must be considered 
as potential therapeutic agents, supplementary 
to any other treatment employed. 

Similar information on the rates of recur- 
rence, heart damage, and death is available 
from Boston, New York, Philadelphia, and Iowa 
City. Data from these cities provide the neces- 
sary information to compare the findings in 


temperate and tropical regions. 
METHODS 


All patients formerly hospitalized in the 
National Children’s Cardiac Hospital, Miami, 
Florida, were contacted to determine their 
current medical, socioeconomic, and educational 
status. The present investigation is confined 
to information collected from those children 
who had resided at the Hospital for a mini- 
mum of four months, and in whom the diag- 
nosis of rheumatic fever or rheumatic heart 


disease had been established according to the 
Jones criteria.! 

Two groups of patients were considered: 
(1) 48 children discharged from the hospital 
ten or more years prior to June, 1956, on 41 
of whom (85.4 per cent) adequate data were 
collected; and (2) 102 children discharged 
five years prior to June, 1956, on 92 of whom 
(90.2 per cent) we have accumulated infor- 
mation. 

Special forms were devised, in which various 
questions concerning schooling, work, emotional 
status, rheumatic recurrences, current cardiac 
findings, and so forth, were posed. Those 
subjects who were living in the Miami area 
were re-examined in the outpatient clinic of 
the National Children’s Cardiac Hospital, 
if they desired. Others were checked by private 
physicians. Often contacts were established 
through county nursing or social service units. 
Many types of follow-up leads had to be used— 
the army, school, neighbor, and so on. The 
studies thus encountered obstacles that were 
slightly different from similar investigations 
carried out in other areas, where the popula- 
tion is relatively stable. 

RESULTS 

The findings of our investigations are listed 
in Tables I and II. Data are presented for the 
group of patients followed for over ten years, 
for five to ten years, and for the combined total. 


The total number of patient-years of observa- 
tion following discharge from the National 


* From the Department of Medical Research, National Children’s Cardiac Hospital, Miami, Florida. 
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TABLE I 


Vital Statistics on 150 Former Rheumatic Patients of 


National Children’s Cardiac Hospital, Miami, Florida 


TABLE II 


Rheumatic Developments in 124 Expatients of the 
National Children’s Cardiac Hospital 


Period of follow-up 
study (years) 
Total 


5-10 Over 10 


Number of 

children in 

hospital over 

4 months 102 48 150 
Number of 

children 


reached 92 (90.2%), 41 (85.4%) 133 (88.7%) 
Number 
deceased 7 (7.6%) 2(4.9%) 9(6.8%) 


Time in 


hospital children)|(39 children)|(124 children) 
4-6 months 3 2 5 
6-12 months! 10 9 19 
Over 12 
months 72 28 100 
Average stay 
(months) 19.9 20.1 20.0 
Average age 
(1956) 19.4 24.2 | 21.0 
Number of | 
patient 
years 486 670 11156 
Out-of-state 
origin 
Out-of-state 
return 67 31 98 
Out-of-state 
origin 
Florida 
residents 14 8 22 
Florida 
residents 
throughout 4 0 4 


Children’s Cardiac Hospital is 486.5 for the 39 
children in the senior group, and 670 for the 
85 junior subjects. 
study involved a total of 1,156 patient-years, 
Of the 
150 children in the entire group, information 
was available on 133 (88.7 per cent). The 
total number of deaths was nine (6.8 per cent 
of 133). The remaining 124 children spent 
an average of 20 months at the National Chil- 
dren’s Cardiac Hospital. The average age 
(in 1956) of these subjects was 19.4 years for 


an average of 9.3 years per patient. 
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Together, the period of 


Period of follow-up 
study (years) 


Total 
5-10 Over 10 | 
Number of children| 85 | 39 | 124 
Number of 
recurrences 13(15%) | 7(18%) | 20 (16%) 
Florida residents | 1 1 2 
Non-Florida 
residents 12 6 18 
Heart damage | | 
None 44 | 10 54 
Minimal or 
questionable | 20 12 | 32 
Moderate to 
marked 21 | 17 | 38 
Physical 
restrictions | 
None | 59 | 22 81 
Competition ex- | 
cluded Re | it 24 
Moderate to 
marked | 13 6 19 


the younger group, 24.2 years for the older 
ones. 

Of a total of 20 recurrences, 18 were in the 
group of 98 (18 per cent) who returned to their 
homes in states outside Florida. ‘Two occurred 
among 26 children (8 per cent) remaining in 
Florida. ‘This difference is statistically signifi- 
cant (p < 0.01). 

Heart damage was not found in 54 patients 
(44 per cent), at the time of follow-up examina- 
tion; in 32 revealed 
minimal or questionable involvement. 
86 children (69 per cent) demonstrated little 
or no evidence of cardiac disease. 


others, examination 


Thus, 


No physical restriction was necessary for 81 
(65 per cent), while 24 more were required to 
abstain from competitive sports. Of 124 pa- 
tients, 105 (85 per cent) were capable of living 
normal! lives. 

Of 16 females in the older group (average 
age 24 years) 11 are married and 7 of these 
11 have already borne children without diff- 
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culty. Of the 37 female patients in the younger 
group (average age 19 years), 6 are married 
and 2 have borne children. 

ten-year group, 27 are at- 


In the five- to 


tending secondary schools; 50 have already 


graduated. In the older group, 31 are high 
school graduates. The total group graduated 
81 from high With the 27 
school, 108 (87 per cent) have attained or are 


school. still in 


attaining satisfactory educations. Forty-six are 
gainfully employed; 30 are attending college 
or professional schools; 5 are in the Armed 
Forces. 

Expatients of the National Children’s Cardiac 
Hospital have established themselves in a wide 
variety of occupations: accountant, author, 
auto mechanic, barber, clerk, draftsman, en- 
gineer, factory worker, lawyer, medical corps- 
man, medical research chemist, music director, 
nurse, optometrist, pharmacist, physician, psy- 
chologist, publishing executive, radar operator, 


secretary, sociologist, teacher, and _ television 
serviceman. 
DISCUSSION 
The death rate, recurrence rate, and fre- 


quency of heart damage were substantially 
lower in the 124 rheumatic expatients of the 
National Children’s Cardiac Hospital, Miami, 
Florida (Table IID), 
reported from Boston, New York, Philadelphia, 


than in similar groups 
and lowa City. 

Mortality Rate: 
attributed to the result of selection of milder 


illnesses being treated in Miami, in contrast 


The low death rate may be 


Long-term Follow-up of Rheumatic Fever Patients 


to the severely ill patients treated in other 


localities. In some cases, however, the re. 
luctance of parents to separate themselves from 
fever has 


prevented the children from reaching the hos. 


children with active rheumatic 


pital during the early period of sickness; a 


few patients have been allowed to come to 
Florida only 
effort. 
among this group. 


were permitted to leave their homes only after 


as a last desperate life-saving 
A few of the deaths in our series are 
Other rheumatic children 


many months or years of chronic active illness, 
Except for local residents, many parents and 
physicians were reluctant to send children with 
mild symptoms or illnesses of short duration so 
far away from home, and for so long a period. 
Rate: <A rate of 16 
per cent is considerably lower than that re- 
The rate of 19.3 
per cent found by Jackson® in Lowa City, covers 


Recurrence recurrence 


ported from other sources. 


an average observation period of only 3.3 

years, as compared with our investigation av- 

eraging 9.3 years per child. This low recur- 

rence rate becomes even more significant when 

the 20 episodes of recurrence in the present in- 


Within 


the group of patients formerly hospitalized at 


vestigation are studied more closely. 


this institution, many returned to their former 
The 


out-of-staters suffered 18 per cent of the recur- 


homes, while some remained in Florida. 


rences, while only 8 per cent occurred among 
those taking up residence in Florida. A sojourn 
in Florida appears to be protective against 
rheumatic 


recurrences; permanent residence 


increases the protection. 


TABLE III 


Comparative Data on Rheumatic Heart Disease as Reported From Various Cities 


Death rate 


City Total 
cases 
% pt 

Boston? 1,000 20.3 <0.001 
New York? 413 <0.2 
Philadelphia‘ 28.1 <0.001 
Iowa City®t 266 
Miami§ 133 6.8 


Recurrences Heart damage* 


pt 7o pt 
28 <0.001 60.7 <0.001 
73 <0.001 79.5 <0.001 
63 <0.01 59.2 <0.001 
19.2 <0.01 — 
15.0 — 35.3 — 


* More than minimal. 
of observation, 3.3 years. 


} All » values are compared individually with corresponding data from Miami. 
§ These figures include 9 deaths. 


t Period 
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Careful inspection of the historical events 
leading to a number of recurrences indicate that 
in some instances at least, there was sufficient 
physical trauma and exposure to the factors 
favoring illness to cause an initial episode (if 
none had previously occurred) in subjects with 
even the slightest susceptibility. 

Incidence of Heart Damage: ‘The incidence of 
permanent heart damage in our follow-up 
group provides a rate about half of the figure 
observed in other areas. Initial evidence of 
rheumatic fever or rheumatic heart disease was 
judged primarily by northern physicians, and 
patients were accepted at the National Chil- 
dren’s Cardiac Hospital on the basis of the find- 
ings and recommendations of these physicians. 
Often both physicians and parents were re- 
luctant to allow children to be separated from 
home for 20 months, at a distance of 1,000 or 
more miles. Thereiore, when patients were 
sent eventually to our institution, their physical 
conditions were occasionally beyond average 
severity or duration. Evaluation of cardiac 
status at time of follow-up was performed by a 
heterogeneous group of physicians. Many pa- 
tients were seen by the same physician who had 
first recommended them. Others were checked 
by cardiologists, either privately or in recog- 
nized cardiac clinics in their home areas. 
Those who were in Miami and desired to visit 
our Clinic were re-examined here. 

In view of the tendency to accumulate pa- 
tients with more severe illnesses than average, 
and of the cross-sectional rechecking data ob- 
tained, we believe the frequency of heart dam- 
age in Miami-treated children compares favor- 
ably indeed with the results reported elsewhere. 
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SUMMARY 


(1) Five- and ten-year studies were com- 
pleted on 102 and 48 expatients of the National 
Children’s Cardiac Hospital, Miami, Florida, 
to determine whether or not the lives of these 
subjects were influenced by a period of convales- 
cent care in this tropical area. 

(2) Data were available on 92 of the five- 
year group, and 41 of the ten-year patients. 
In the total 133, the death rate was less than 7 
per cent. 

(3) Of the 124 survivors on whom we have 
information, 16 per cent had recurrences. 

(4) Heart damage, more than minimal, was 
observed in only 31 per cent of the 124 survivors. 

(5) The death rate, frequency of recur- 
rences, and heart damage, all compare very favor- 
ably with similar reports from other centers. 
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Experimental Studies 


Treatment of Procaine Amide Intoxication 


An Experimental Study* 


FRED WASSERMAN, M.D., LEONARD BrRopsky, M.D., JOHN H. KATHE, M.D., 
Morris M. Dick, m.p., and Paut L. RODENSky, M.D. 


Coral Gables, Florida 


7. EFFICACY of procaine amide in the treat- 
ment of cardiac arrhythmias is well docu- 
mented.'~7 The scope of procaine amideT 
therapy has been extended recently to include 
neurologic disorders,*~!° 
arrhythmias,'! prevention of arrhythmias ob- 
served during hypothermia,’ control of hypo- 


diagnosis of cardiac 


tension during neurosurgery,'*'!® and treatment 
of penicillin reactions.'®'7 Although numerous 
accounts of the toxic effects of procaine amide 
on the cardiac mechanism and blood pressure 
can be found in the literature, little is written 
with regard to the treatment of procaine amide 
toxicity other than once 
developed, discontinuing the drug. 
work with molar sodium lactatet demonstrating 
the narrowing of abnormally widened QRS 
complexes due to various etiologies'*:'® led us to 
study the effects of this agent in the treatment 
of procaine amide intoxication. 


prevention or, 
Previous 


METHOD AND MATERIAL 


Twenty mongrel dogs ranging between 4 and 12 kg 
were premedicated with subcutaneous morphine sulfate 
(2 mg/kg) and anesthetized intravenously with 1% 
chloralose (3.2 cc/kg). An endotracheal tube was 
inserted and the animals received positive pressure air 
utilizing a mechanical respirator. The femoral artery 
and vein were cannulated; the artery was used for the 


withdrawal of blood specimens and the recording of 
blood pressures, and the vein for the administration of 
drugs. Serum electrolytes and arterial pH were deter- 
mined on blood specimens obtained from all animals 
before the administration of procaine amide, immediately 
after stopping the infusion of procaine amide and 10 to 
20 minutes following treatment with molar sodium 
lactate. 

Seven dogs served as controls. Simultaneous arterial 
pressures and electrocardiograms were recorded on a 
Sanborn Twin-Viso Cardiette. Procaine amide was 
administered intravenously at a rate of 100 mg/min until 
various stages of intoxication were observed (Table I). 
The drug was then stopped, a blood specimen with- 
drawn, and continuous tracings were monitored until 
the electrocardiogram and blood pressure returned to 
normal or near normal. 

Seven dogs were given intravenous procaine amide at 
a rate of 100 mg/min. 
listed in Table I, the procaine amide infusion was 
stopped, and molar sodium lactate was administered at 
a rate of 10 meq/min. 

Three dogs were given molar sodium lactate prior to 
the administration of procaine amide, receiving 30, 40, 
and 45 meq/molar sodium lactate, respectively. 


At the stages of cardiotoxicity 


Three dogs with advanced procaine amide intoxica- 
tion were treated with a combination of molar sodium 
The /-norepinephrine 
was diluted with molar sodium lactate in a ratio of 1:30, 
and 2 cc of this solution was given over a course of one 
This method of therapy was instituted 8-10 
minutes after the procaine amide infusion had been 
stopped when the electrocardiographic and blood pres- 


lactate and /-norepinephrine. 


minute. 


* From the Department of Cardiology and Medicine, University of Miami School of Medicine, and the Veterans 


Administration Hospital, Coral Gables, Florida. 


This study was supported in part by a grant from The Squibb Institute for Medical Research, New Brunswick, 


New Jersey. 


+ The procaine amide used in this study was kindly supplied by The Squibb Institute for Medical Research. 
t The molar sodium lactate was supplied through the courtesy of Eli Lilly and Company. 
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TABLE I 


Stage of Toxicity Recorded at Completion of Procaine Amide Infusion 


Total dose ECG recording of cardiotoxic effects 
mg mg/kg Group 12 Group 2° Fate 
700 103 Dog 1 — iL 
1,700 227 Dog 2: Interference dissociation with premature ven- L 


tricular contraction (PVC) progressing to runs of 
ventricular tachycardia 


1.000 125 Dog 3 — L 
1,500 187 Dog 4: -Auricular fibrillation with slow ventricular D 
rate 
600 78 Dog 5 (control) — L 
800 112 Dog 6 (control) 
900 110 Dog 7: Premature auricular contractions with aber- L 
rant conduction 
800 110 Dog 8: Interference dissociation L 
1,400 200 — Dog 9: Interference dissociation L 
of 900 120 Dog 10 — + 
vf 1,800 160 - Dog 11: Paroxysmal ventricular fibrillation (control) D 
- 700 170 — Dog 12: AV dissociation with nodal tachycardia and I 
aberrant beats 
’ 650 136 - Dog 13: Multiple PVC (control) L 
) 1,200 160 Dog 14 (control) — L 
1,700 170 Dog 15: Supraventricular and PVC (control) L 
1,900 190 — Dog 16: Ventricular tachycardia (control) L 
) 1,600 355 Dog 17: Auricular fibrillation with slow nodal rhythm L 
and occasional PVC 
1,600 355 — Dog 18: Auricular fibrillation with slow nodal rhythm L 
and occasional PVC 
1,500 126 — Dog 19: Auricular fibrillation with runs of ventricular & 


tachycardia 
1,500 200 = Dog 20: Auricular fibrillation with nodal rhythm and L 
runs of ventricular tachycardia 


2 Group 1 includes dogs with QRS notched or broadened (0.08 to 0.18 sec) and normal sinus rhythm. 
’ Group 2 includes dogs with changes described for group 1 plus arrhythmias listed. 


sure recordings showed progressive deterioration sug- and increased in amplitude. The P-R inter- 
gesting imminent cardiac arrest. vals gradually increased from controls of 0.08 
to 0.14 second to intervals of 0.12 to 0.16 second. 

RESULTS Early during the administration of procaine 


amide, the QRS complexes increased in ampli- 


EFFECTS OF PROCAINE AMIDE ON THE tude; control durations of the QRS complexes 


ELECTROCARDIOGRAM (0.03 to 0.04 second) increased to 0.07 to 0.10 

Early Electrocardiographic Changes: ‘The total second with further administration of the drug. 
dosage of the procaine amide infused ranged S waves either appeared or, if present in the 
from 600 mg to 1900 mg (78 mg/kg to 355 control, became more prominent (deepened) 
mg/kg of body weight). Electrocardiographic with increasing amounts of procaine amide. 
changes were first noted following the intra- The RS-T segments became slightly depressed 
venous infusion of as little as 100 mg of procaine in almost every instance. T waves very early 
amide. The early effects upon the cardiac rate during procaine amide administration changed 
were variable, with three-quarters of the dogs polarity (i.e., inverted T waves becoming up- 
having a slight decrease and one-quarter an right). The Q-T interval was most often 
increase in heart rate. P waves broadened slightly prolonged for the heart rate. All dogs 
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appeared to remain in normal sinus rhythm tion). The most significant change observed 
throughout these early changes resulting from at this stage of intoxication, however, appeared 
the administration of procaine amide. to be the development of disorders of rhyth- 

Late Electrocardiographic Changes: With con- micity. These included premature auricular, 
tinued infusion of procaine amide, the electro- nodal, and ventricular contractions; intra-auric- 
cardiogram showed exaggeration of those ular dissociation; uniatrial fibrillation; auric- 
changes described above with notching and uloventricular dissociation; interference dis- 
further widening of the QRS complexes up to sociation; and nodal and ventricular tachy- 
0.20 second (a bundle branch block configura- cardia (see Table I). 


Fig. 1. Progressive electrocardiographic changes during procaine amide infusion and the effect of treatment with 
molar sodium lactate. (A) Control (lead 2); normal sinus rhythm with a rate of 65/min; P-R interval measures 
0.12 sec; QRS complexes are 0.04 sec wide; T waves are upright. Blood pressure is 120/50. (8) After infusion 
of 700 mg of procaine amide the heart rate is 76/min; P-R interval has increased to 0.16 sec; QRS complexes have 
widened to 0.08 sec and decreased in amplitude; T waves are now inverted. Blood pressure is 125/55. (C) QRS 
complexes have broadened to 0.10 sec after 1,000 mg of procaine amide administered in 18 min. Blood pressure is 
now 110/55. (D) After infusion of 1,400 mg, procaine amide was stopped; QRS complexes have widened to 0.2 
sec (bundle branch block configuration). There appears to be intra-auricular dissociation at several points in the 
record (X). Blood pressure has decreased to 90/35. (£) Two minutes after stopping procaine amide, tracing 
shows further deterioration. The rhythm appears to be A-V dissociation with interference. QRS complexes measure 
0.20 sec. Blood pressure is 45/5. (F) After administration of 20 meq of molar sodium lactate in 2 min, the QRS 
complexes have narrowed from 0.16 to 0.12 sec. The rhythm appears to be auricular fibrillation, although inter- 
ference dissociation with atrial dissociation cannot be ruled out. Blood pressure is 50/10. (G) Return to normal 
sinus rhythm with narrowing of the QRS complexes to 0.10 sec after 40 meq of molar sodium lactate in 4 min. (#) 
After a total of 80 meq of molar sodium lactate in 8 min there is progressive improvement in the ECG, and blood pres- 
sure has increased to 90/35. (J) Tracing has returned to near normal 21 min after stopping the procaine amide 
infusion and 12 min after giving 80 meq of molar sodium lactate. Blood pressure is 110/40. 
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When the administration of procaine amide 
was stopped, the electrocardiographic changes 
were divided into two major classifications 
based on the degree of cardiotoxicity: Group 1 
included those dogs manifesting QRS widening 
up to 0.20 second with intra-auricular conduction 
disturbances; group 2 included those animals 
who manifested, in addition to the changes de- 
scribed in group 1, ectopic rhythms. 

It will be noted that the distribution of the 
treated and control animals fell equally into 
both groups (Table I). 


EFFECTS OF MOLAR SODIUM LACTATE ON PROCAINE 
AMIDE INTOXICATION 


Control Animals: In seven experiments, the 
procaine amide infusion was stopped when a 
desired state of cardiotoxicity was observed 
(see Table I). The time required for the 
widened QRS complexes to narrow 25-50 per 
cent was 5 to 22 minutes, with a mean of 14 
minutes. The electrocardiogram returned to a 
normal or near-normal configuration within 15 
to 52 minutes after stopping the infusion of 
procaine amide, with a mean of 36 minutes. 

Four of the seven control animals developed 
the following arrhythmias as manifestations of 
procaine amide intoxication: dog 11, paroxys- 
mal ventricular fibrillation; dog 13, multiple 
premature ventricular contractions; dog 15, 
supraventricular and ventricular premature 
contractions; dog 16, ventricular tachycardia. 
Dog 11 died in nine minutes, while the other 
three animals returned to normal sinus rhythm 
within two minutes, six minutes, and five 
minutes, respectively. The QRS _ complexes 
narrowed 25-50 per cent in four minutes, five 
minutes, and six minutes, respectively. 

Animals Treated with Molar Sodium Lactate: 
Seven animals were given a total of 35 to 80 
meq of molar sodium lactate at a rate of approxi- 
mately 10 meq/min. Immediately after the 
procaine amide was stopped all of the electro- 
cardiograms showed striking improvement. 
The QRS complexes narrowed 25-50 per 
cent of the pretreatment duration within 1 to 6 
minutes, with a mean of 2.7 minutes. The 
electrocardiogram returned to a normal or 
near-normal configuration within 11 to 28 
minutes after starting the molar sodium lactate 
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with a mean of 20 minutes (Fig. 1). Four of 
the seven animals developed arrhythmias as 
toxic manifestations of the procaine amide 
infusion. Three lived and one died (dog 4) 
(see Fig. 3). The arrhythmias observed in 
dogs 9, 12, and 19 (see Table I) returned to 
normal sinus rhythm within 3 minutes, 2.5 
minutes, and 8 minutes respectively, after 
starting molar sodium lactate. 

Animals Treated with Molar Sodium Lactate 
Prior to Procaine Amide Administration: Three 
dogs were given molar sodium lactate (30, 
40, and 45 meq, respectively) prior to procaine 
amide administration. These animals were 
studied in a stage of advanced cardiotoxicity 
(group 2). The animal primed with 30 meq 
of molar sodium lactate was given procaine 
amide until it developed interference dissocia- 
tion; he returned to normal sinus rhythm in 
four minutes (without further therapy) after 
procaine amide was stopped. The second dog 
(primed with 40 meq of molar sodium lactate) 
was observed with interference dissociation, 
multiple premature ventricular contractions, 
and paroxysms of ventricular tachycardia. 
This dog returned to normal sinus rhythm within 
eight minutes after the procaine amide infusion 
was stopped, with the QRS complexes narrowing 
from 0.20 to 0.14 second during this period of 
time. The third dog, primed with 45 meq of 
molar sodium lactate, showed periods of sinus 
arrest and auricular premature contractions 
with aberrant conduction at the time the pro- 
caine amide was stopped. The tracings slowly 
deteriorated after stopping the procaine amide, 
and an additional 15 meq of molar sodium lac- 
tate was given in 1.5 minutes. ‘This appeared to 
immediately increase auricular rhythmicity and 
promptly restored the rhythm to a normal sinus 
mechanism. 


DOGS TREATED WITH MOLAR SODIUM LACTATE AND 
l-NOREPINEPHRINE 


Procaine amide intoxication was treated in 
three experiments with the combination of 
molar sodium lactate and /-norepinephrine. 
The arrhythmias observed when the procaine 
amide infusion was stopped included the fol- 
lowing: dog 17, atrial fibrillation with a slow 
nodal rhythm and premature ventricular con- 
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tractions; dog 18, auricular fibrillation with an tion of the procaine amide infusion when the 


A-V nodal rhythm; dog 20, auricular fibrilla- nodal rhythm was observed. The tracing 
tion with a nodal rhythm and runs of premature appeared to improve initially (Fig. 2) but sub- 
ventricular contractions. Dog 18 was given sequently deteriorated. Because of the persist- 
molar sodium lactate immediately after cessa- ent hypotension, a mixture of /-norepinephrine 


ty ty lel 


Fig. 2. The beneficial effects of combined molar sodium lactate and /-norepinephrine therapy in procaine amide in- 
toxication. (A) Control (lead 2). Sinus arrhythmia with a heart rate of approximately 45/min. QRS duration 
is 0.04 sec, and T waves are inverted. Blood pressure is 120/60. (B) Immediately after intravenous administration 
of 1,500 mg of procaine amide, the heart rate has increased to 90/min; P waves are notched; QRS complexes are 
widened to 0.20 sec. Note midway through tracing the change from normal sinus rhythm to auricular fibrillation 
(<) and a slow nodal (?) rhythm (X) with premature ventricular contractions. Blood pressure decreased from 90/60 
to 40/10 with the change in rhythm (<—). (C) After 50 meq of molar sodium lactate intravenously in 4 min, there 
is apparent ECG improvement with return to what appears to be normal sinus rhythm. QRS complexes have nar- 
rowed to 0.12 sec, and blood pressure has remained at 40/10. (D) ‘Two minutes after a total of 70 meq of molar 
sodium lactate in 7 min., ECG has deteriorated with QRS widening to 0.18 sec and an irregular idioventricular 
(?) rhythm. Blood pressure has fallen to 20/0. (£) One minute after a mixture of molar sodium lactate and 
l-norepinephrine (see text) was given, a supraventricular tachycardia (?) is present with a rate of 180 per minute. 
Blood pressure has abruptly increased to 180/120. (#) ‘Three minutes after combined pressor therapy, there is a 
return to normal sinus rhythm; 40 min after stopping procaine amide infusion ECG returned to a near-normal tracing. 
Blood pressure, with return to normal sinus rhythm, is recorded at 118/74. 


Fig. 3. Mechanism of death from procaine amide cardiotoxicity. (A) Control (lead 2); the heart rate is 140/min; 
QRS complexes measure 0.04 sec. (8B) Procaine amide infusion stopped after 1,500 mg in 15 min. The rhythm 
is auricular fibrillation; QRS complexes have widened to 0.14 sec; QRS amplitude has markedly decreased. (C) 
After 40 meq molar sodium lactate in 4 min, QRS complexes have narrowed to 0.08 sec. Rhythm appears to be 
nodal. (D) Fifteen minutes after intravenous molar sodium lactate, there is a slow idioventricular (?) rhythm 
prior to death in ventricular standstill. 
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and molar sodium lactate was given. The 
results were remarkable, in that the animal con- 
verted to a normal sinus rhythm within three 
minutes. In two subsequent experiments, using 
/-norepinephrine alone (without sodium lac- 
tate), animals with advanced cardiotoxicity 
were observed to return to normal sinus rhythm 
within two minutes and five minutes respec- 
tively after starting /-norepinephrine. 


OTHER EFFECTS OF TREATMENT WITH 
PROCAINE AMIDE AND SODIUM LACTATE 


Blood Pressure: Blood pressure determinations 
showed similar results in the control and treated 
groups. Prior to procaine amide administra- 
tion, the blood pressure ranged from systolic 
levels of 120 to 160, with diastolic levels of 50 
to90 mm Hg. At the time the procaine amide 
infusions were stopped, systolic levels had 
dropped 12 to 110 mm, and the diastolic pres- 
sures had dropped 5 to 60 mm Hg. In all 
experiments, it was noted that hypotension was 
a late manifestation compared to procaine amide 
cardiotoxicity, and in general did not develop 
until evidence of severe cardiotoxicity was 
present: i.e., an ectopic rhythm. 

Blood Chemistries and pH: Observations of the 
serum potassium, sodium, chloride, COs, mag- 
nesium, calcium, phosphorus, and arterial pH 
were made in all animals. In general, the 
serum potassium tended to increase slightly 
coincident with maximum procaine amide 
toxicity and decreased slightly following the 
administration of sodium lactate. Both changes 
were within 0.5 meq/L. The pH changes 
were not considered significant, although a 
slight tendency to acidosis was observed (mean 
decrease in pH 0.017). This is in marked con- 
trast to the mean fall in pH and the acidosis 
uniformly present which has been reported 
earlier following intravenous quinidine hydro- 
chloride and quinidine gluconate.” 

Duration of Effects: Once the procaine amide 
infusion was stopped and improvement ob- 
served, either with or without molar sodium 
lactate, no recurrence of procaine amide in- 
toxication was noted except in the two cases 
shown in Figures 2 and 3. In both of these 
experiments initial improvement was observed 
following molar sodium lactate; however, 
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deterioration occurred soon after the molar 
sodium lactate had been stopped. 

Mechanism of Death: One untreated and one 
treated animal died. Figure 3 demonstrates 
a mechanism of death. After a total dose of 
1,500 mg of procaine amide, the QRS complexes 
markedly widened and decreased in ampli- 
tude. Auricular fibrillation was observed when 
the procaine amide infusion was stopped. 
Molar sodium lactate caused an initial increase 
in amplitude, with narrowing of the widened 
QRS complexes, but the record subsequently 
deteriorated and the animal developed a very 
slow idioventricular rhythm (ventricular rate: 
12/min) and died. Dog 11 died in a slow 
nodal rhythm nine minutes after a total of 1,800 
mg of procaine amide had been given. 

Toxic Effects of Molar Sodium Lactate: No 
serious toxic effects were observed in the seven 
dogs treated with molar sodium lactate, in the 
three animals given molar sodium lactate prior 
to the administration of procaine amide, or in 
the three animals treated with a mixture of 
sodium lactate and /-norepinephrine. An ini- 
tial transient fall in blood pressure and a pro- 
longation of the Q-T interval followed the 
rapid infusion of sodium lactate. 


DiscUssION 


The results of these experiments appear to 
indicate that molar sodium lactate is effica- 
cious in treating all stages of procaine amide 
intoxication. The progressive electrocardio- 
graphic changes observed in our experiments 
with intravenous procaine amide (see Fig. 1) 
correspond to those described by Zapata-Diaz, 
Cabrera, and Mendez.? These usually consist 
of a slowing in the sinus rate with an alteration 
in the repolarization process; the P waves in- 
crease in amplitude and duration as the P-R 
interval lengthens. Initially, the QRS com- 
plex broadens slightly, then becomes notched 
and resembles indeterminate bundle branch 
block with the continued infusion of procaine 
amide. Late manifestations of cardiotoxicity 
include not only intra-auricular conduction 
defects but also disturbances in cardiac rhythm. 

After stopping the procaine amide infusion, 
the abnormally widened QRS complexes (mani- 
festation of advanced toxicity) observed in the 
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untreated control animals narrowed 25 to 50 
per cent of their maximum duration within 5 
to 22 minutes. However, when this cardiotoxic 
manifestation of procaine amide was treated 
with molar sodium lactate, similar improvement 
was observed within 2.5 to 6 minutes. The 
beneficial effects of molar sodium lactate alone 
were evident in restoring the entire electro- 
cardiogram to a normal or near-normal con- 
figuration within a period of 20 minutes (see 
Fig. 1), while the untreated animals required 
in excess of 30 minutes for this to occur. 

Certain electrocardiographic changes ob- 
served as a result of procaine amide intoxication 
heretofore have appeared to be irreversible. 
Zapata-Diaz’ reported the irreversible arrhyth- 
mias to be a slow idioventricular rhythm and 
ventricular fibrillation. In our experiments, 
two animals died with slow ventricular rates. 
One of these was a control animal, the other a 
dog treated with molar sodium lactate alone (see 
Fig. 3). In the treated animal initial improve- 
ment in the electrocardiogram was not accom- 
panied by an increase in blood pressure, and 
subsequent to the transient improvement the 
electrocardiogram progressively deteriorated. 
In a later experiment, initial improvement in 
the electrocardiogram again followed treatment 
with intravenous molar sodium lactate, but 
persistent hypotension was associated with 
gradual deterioration of the tracing. When a 
combination of molar sodium lactate with /- 
norepinephrine was given (Fig. 2), however, 
the blood pressure rapidly increased and within 
3 minutes the electrocardiogram had returned 
to normal sinus rhythm. No animal in our 
study developed ventricular fibrillation. 

In Pascale’s clinical study,' the appearance 
of hypotension was considered a late manifesta- 
tion of procaine amide intoxication, and this 
toxic manifestation could be adequately con- 
trolled with intravenous /-norepinephrine. In 
our experimental study, blood pressure changes 
were similar in both the control and the treated 
groups. It soon became apparent that signif- 
icant hypotension was indeed a manifestation 
of severe procaine amide intoxication and 
usually coincided with the onset of an arrhyth- 
mia (with subsequent deterioration or improve- 
ment after treatment paralleling the electro- 


junction with 


cardiographic changes). It was this observa- 
tion that led us to use /-norepinephrine in con- 
lactate, with 


It is our prelimi- 


molar sodium 
extremely gratifying results. 
nary impression, therefore, that a combination 
of molar sodium lactate and /-norepinephrine is 
the treatment of choice irrespective of the degree 
of procaine amide cardiotoxicity or the ectopic 
rhythm present (i.e., ventricular tachycardia), 
as long as the arrhythmia observed results from 
procaine amide intoxication. 

A priming dose of molar sodium lactate 
administered before starting the procaine amide 
infusion appeared to markedly increase the 
tolerance of the animal to procaine amide, and 
significantly delayed both the cardiotoxic effects 
and the hypotension. Observations in_ the 
experimental animal indicate that intravenous 
procaine amide has fewer undesirable effects 
than intravenous quinidine hydrochloride; 
the treatment of severe procaine amide cardio- 
toxicity appears to be far more satisfactory than 
the treatment for quinidine intoxication. The 
these experimental 


clinical application of 


findings is presently being studied. 


SUMMARY 


Hypertonic sodium lactate alone reverses 
many of the cardiotoxic effects of procaine 
lightly anesthetized dogs. When 
molar sodium lactate is combined with /-nor- 


amide in 


epinephrine, previously irreversible manifesta- 


procaine amide _ intoxication are 
promptly restored to normal or near normal. 
The electrocardiographic, electrolyte, and 


blood pressure changes resulting from procaine 


tions of 


amide intoxication have been discussed. 
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The Linear Vectorcardiogram’ 


LAWRENCE E. LAMB, M.D., F.A.C.C. 


Randolph Air Force Base, ‘Texas 


. its inception the vectorcardiogram has 
posed a number of problems peculiar to its 
With earlier 
techniques it was often difficult to find the P 


graphic method of recording. 
loop and the T loop. Criticisms have persisted 
concerning the inability to detect the termina- 
tion of the QRS event. 
lems arise because the oscilloscope beam records 


All three of these prob- 


the origin of the P, QRS, and T loops focally at 


nearly the same point. The illumination of 


the beam upon this point obscures detail. ‘This 
particular criticism of the vectorcardiogram, 


however, is not wholly justified, as well-con- 


structed instruments using the best form of 


technique enable sufficient amplification to 
clearly define the details at the point of origin. 
It is true that some difliculty must remain in 
determining the termination of the QRS event. 
This difficulty is not dissimilar from the difli- 
culties encountered in locating the termination 
of the QRS complex in routine electrocardiog- 
raphy. Indeed, anyone who has read many 
routine electrocardiograms has noted the difli- 
culty in determining the end of ventricular exci- 
tation and the onset of the ST segment and re- 
covery, particularly in lead V2. 


Vectorcardiography assumes the problem of 


measuring three-dimensional forces. Their rep- 
resentation in two-dimensional planes or their 
components on coordinate graphs has always 
required further calculations in order to deter- 
mine the true spatial events. Several approaches 
have been utilized to demonstrate in a linear 
fashion certain events of the vectorcardiogram. 
One of the early attempts of this nature was to 


graph the vectorcardiographic loops on a con- 
tinuous moving film strip.'. Another approach 
utilized was to graph the instantaneous spatial 
vectors against a linear time base.2 This 
method required calculation of the magnitude 
of the instantaneous spatial vectors and plotting 
Stull an- 


other approach to the linear representation of 


their magnitude against a time base. 


the vectorcardiogram was utilized by Abild- 
skov,* in which he determined not only the chang- 
ing magnitude of the successive instantaneous 
spatial vectors but also the location of successive 
instantaneous spatial vectors in terms of the 
frontal and transverse plane projections. The 
latter, of necessity, required the definition of the 
frontal and transverse planes in terms of de- 
grees, and the linear graphs of the locations of the 
spatial vectors were also described in degrees. ft 
This latter method is somewhat cumbersome, 
since a minor change in position of a vector 
might have a different sign (+, —) in degrees, 
markedly altering the complex on the linear 
coordinate graph. 

All of these attempts mentioned above, and 
others, were designed primarily to obviate the 
difficulties concerning the point of origin for 
the vectorcardiogram and also to provide a 
means of studying arrhythmias. It is true that 
in the usual oscillograph recording of vector- 
cardiograms, such problems as arrhythmias, 
which must depend upon time sequence phe- 
nomena, are not properly demonstrated. It is 
clear that a simple method of expressing the 
parameters of the vectorcardiogram against a 


linear time base is needed. Such a graph should 


*From the Department of Internal Medicine, School of Aviation Medicine, USAF Air University, Randolph 


Air Force Base, Texas. 


+ The importance of the angle between successive instantaneous spatial vectors was pointed out by Lamb, Grosgurin, 


and Duchosal.‘ The angle and two instantaneous vectors define the third side of the triangle (side-angle-side 


theorem) which in this case is the vectorcardiogram trace or arc increment. 
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provide all the basic parameters of the vector- 


cardiogram, thus permitting direct interpretation 
and measurement. 

The purpose of this paper is to set forth a 
simple method of presenting the vectorcardio- 
gram against time on a coordinate graph. By 
utilizing this method the fundamental param- 
eters of the vectorcardiogram may be utilized 
in arrhythmias. ‘The end points of such events 
as atrial excitation, QRS excitation, and the 
onset of recovery may be clearly delineated. The 
utilization of such graphs also points out the 
distinct differences which exist on a fundamental 
mathematical basis between parameters of the 
vectorcardiogram and the electrocardiogram, 


as well as pointing out the distinct similarities. 


MATHEMATICAL DERIVATIONS 


Magnitude of Instantaneous Spatial Vectors: Although one 
may dwell upon the inconsistencies of vectorcardiograms 
created by the variation in types of reference systems em- 


ployed for recording techniques, certain basic funda- 


mental principles of the vectorcardiogram are true of 


any and allrecordings. ‘They are merely distorted by the 
variable factors associated with different reference sys- 
tems. All systems depict a three-dimensional repre- 


sentation of the changing spatial vector in time. Each 


instantaneous spatial vector may be defined in terms of 


its X, Y, and Z coordinates (Cartesian coordinate sys- 
tem), and the magnitude of each instantaneous spatial 
vector can be calculated. In mathematical terms, then, 
the instantaneous spatial vectors may be defined in terms 
of X coordinate, Y 


The magnitude of the instantaneous spatial 


coordinate, and Z coordinate 
graphs. 


vector may be determined by the simple formula 
Vi V + + Zi 


wherein |) represents the magnitude of the vector and 
and represent the coordinate values for that 
point in time. 


Increment of the Are Between Two Points on Vector Loop: 


Having defined rather completely the characteristics of 


the instantaneous spatial vectors, the remaining meas- 


urement recorded by the vectorcardiogram is the arc 


swept out by the changing direction and magnitude of 


the successive instantaneous spatial vectors. ‘This is the 
trace of the loop itself. The length of the vectorcardio- 
graphic loop or its component parts may be calculated 
by determining small segments of the arc at frequent 
time intervals. The increment of the arc between two 
given points of time may be calculated if one knows the 
X, Y, and Z coordinate values for the instantaneous 
vector at the onset and end of the time increment. To 
illustrate this point, if one knows the X, Y, and Z value 
of the instantaneous spatial vector at time 0.05 second 
and the X, Y, and Z coordinate value for the instan- 
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taneous spatial vector at time 0,06 second, one may de- 
termine the X, Y, and Z value of the increment of the 
arc existing in time between 0.05 and 0.06 second. 
The X increment equals Xo.06 — Xo.0s. The Y incre- 
ment equals Yoog — Yo.o5. The Z increment equals 
Zo Zo Ob- 

If one knows the X, Y, and Z value, the increment of 
the arc may be calculated. It is customary to use the 
symbol A to signify a time increment. Thus, the incre- 
ment for X in the above example would be expressed 
AXo.05, indicating the X value for the time increment 
between 0.05 and 0.06. Similarly and AZo may 
be used to express the Y and Z value of the arc incre- 
ment. ‘The increment of the arc (Aso.o5) may be calculated 
from the formula 


Aso.o5 V/AX%o0 + AY%o 05 + AZ*o.05. 
The general formula may be stated for any arc segment 
wherein the X, Y, and Z coordinate values of suc- 
cessive instantaneous spatial vectors are known as fol- 


lows: 
As, = WAN? + AY? + AZ?. 


The length of the are through a period of time repre- 
sents the sum of the individual increments. ‘This may be 


expressed as 


APPLICATION 


Utilizing the basic formula given above, rep- 
resentative examples of vectorcardiograms with 
X, Y, and Z components were utilized to con- 
struct a linear graph of the basic vectorcardio- 
graphic functions. In order to describe all the 
events given above, five simultaneous linear 
The first 
three graphs were the X, Y, and Z linear co- 


graphs were made for each subject. 


ordinate graphs of the instantaneous spatial vec- 
tors. ‘The fourth graph was the magnitude of 
the instantaneous spatial vectors plotted against 
a linear time base. The fifth graph was a rep- 
resentation of the arc swept out by the chang- 
ing direction and magnitude of the instan- 
taneous spatial vectors. The first four graphs 
are simple plots of magnitude against time in the 
conventional fashion. The fifth graph of the 
vectorcardiographic arc plots the increasing 
length of the arc against time. A simple anal- 
ogy is the plotting of road mileage traveled by 
an auto against hours of time. 

Prior to the onset of the cardiac cycle the 
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graph is at zero time and zero arc length. With 
the onset of atrial excitation, as the length of the 
arc swept out by the changing P vector in- 
creases with the time of the event the arc length 
may be read on the ordinate. The time is 
read on the abscissa. At the completion of 
atrial excitation there is a period when relatively 
little electrical activity is evident. In the three- 
dimensional vectorcardiogram the cathode-ray 
beam returns to the point of origin. On the 
linear graph of the arc a straight bar of PR seg- 
ment is seen, indicating that during this time 
interval no further increase in arc is to be ex- 
pected. With the onset of ventricular excita- 
tion, the vector again rotates through an arc. 
The increasing length of the arc is plotted against 
time. Since the QRS loop is a rapidly inscribed 
event of much greater magnitude, an abrupt rise 
of the graph is noted. At the end of ventricular 
excitation the cathode-ray beam returns to the 
point of origin in inscribing the vectorcardio- 
gram. In the linear representation this is de- 
picted by a relatively flat plateau interval of the 
ST segment. At the onset of ventricular re- 
covery a third loop is inscribed. It is plotted 
continuously after the ST segment interval and 
rises slowly to its height. At the completion of 
the cardiac cycle a line may be dropped back 
to the baseline and the same sequence of P-QRS- 
T again inscribed for the succeeding cycles. 

The instantaneous spatial vector and its X, Y, 
and Z coordinate values were determined at 
each 0.0025 second interval. Each arc incre- 
ment was calculated for each 0.0025 second inter- 
val. These were subsequently plotted at inter- 
vals of 0.0025 second on a linear time base. 
All five linear graphs were plotted simultane- 
ously. The basic X, Y, and Z coordinate 
values utilized in the subsequent calculations 
were recorded from the components of the 
qualitative vectorcardiographic reference system 
reported elsewhere. This reference system 
employs measured electrode distances from the 
center of the left heart as determined by x-ray. 
The lead lengths of the bipolar leads as well as 
the electrode distances from the center of the 
heart were relatively comparable from one sub- 
ject to the next. Electrode placement was cor- 
rected for geometric eccentricity of heart loca- 


tion. The final values are expressed in terms of 


Fig. 1. The parameters of the linear vectorcardiogram 
plotted against time are depicted for the normal subject. 
The voltage standardization in terms of electrical mo- 
ment is seen on the left hand of the As graph. The normal 
electrocardiogram is at the right of the linear vector- 
cardiogram. 


(this is a 
to express the 


electrical moment by calculation 
theoretical concept intended 
electrical events as if they occurred from the 
point of origin rather than from more distant 
points measured from the surface of the torso). 

It is not intended in this paper to advocate the 
use of any particular reference system above other 
reference systems currently in use, as the primary 
purpose is to present the linear graphing method 
of vectorcardiography which can be applied 
equally well to many reference systems. The 
quantitative system was used in this study, as it 
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Fig. 2. 
is utilized in this laboratory and as it presented 


an opportunity to evaluate clinically some of the 
applications of the electrical-moment principle. 


NORMAL GRAPHS 


Representative examples of a normal subject 
and various pathologic conditions are presented 
to illustrate the type of graph which might be 
seen with such a method. The normal record 
demonstrates P-QRS-T complexes of the con- 
ventional manner for X, Y, and Z coordinate 
leads (Fig. 1). The magnitude of the instan- 
taneous spatial vector plotted against the linear 
time base (V) demonstrates the distinct P wave, 
PR segment, and a positive QRS complex. It 
is expected that no negative wave would be pre- 
sented in such a graph as no spatial vector could 
have a magnitude of less than zero. The ST 
segment elevation is common and depicts the 
presence of a spatial force active during the 
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Linear vectorcardiogram before and after inferior myocardial infarction. 


excited state. The ST segment elevation is 
equivalent to failure to close the QRS loop. 
The expected T wave follows. From such a 
linear graph of the successive instantaneous vec- 
tor’s magnitude, direct calculations may be 
made of the resultant electrical activity of ven- 
tricular excitation and the resultant activity of 
ventricular recovery. These may be expressed 
in ratios of ventricular excitation to ventricular 
recovery or other calculations as desired may be 
performed. 

The graph of the arc swept out by the vector- 
cardiogram (As) provides an immediate access 
to the length of the P loop, the QRS loop, and 
the T loop. The interval between sp incre- 
ment and the onset of ventricular excitation is 
not always demonstrated as a distinct plateau as 
seen in the illustration. This depends upon the 
amount of electrical activity which is present 
during this period of cardiac activity. It is 
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customary to see a slow onset of the sgrg incre- 
ment followed by rapid rise and terminally 
slowing of the QRS event. The junction of 
Sars increment and the onset of the ST segment 
is seldom clearly defined. This is noted as a 
rounding; the sgrs increment slows and the ST 
interval begins. ‘This is comparable to the 
difficulties encountered in interpreting the end of 
the QRS complex and the onset of the ST seg- 
ment in routine electrocardiography in such 
leads as V2. It points up the lack of the distinct 
end of ventricular excitation and the onset of 
ventricular recovery. ‘The degree of plateau 
which may be seen during the ST interval is 
highly variable from one subject to the other. 
In many instances it rises progressively in direct 
connection with the sy increment. 

Utilizing the sors as graphed, different calcu- 
lations may be made. ‘These include multiply- 
ing the time intervals against the arc increments 
to obtain an index of potential seconds created 
by ventricular excitation. Relationships be- 
tween the sors and sz may also be evaluated. 
The As graph provides the basic parameter of 
the vectorcardiographic loop and may _ be 
analyzed in numerous different methods. 
a graph is particularly apropos, as it has been 
suggested that the vectorcardiographic trace or 
arc is related to the specific events of ventricular 
excitation.*® By application of the polygon 
principle of vector analysis it has previously 
been suggested that such a graph is related to 
absolute sum of vector 


Such 


arithmetic sum or 
forces associated with ventricular excitation.® 


MYOCARDIAL INFRACTION 


An example of myocardial infarction of the 
inferior wall illustrates changes in one type of 
myocardial infarction (Fig. 2). In this par- 
ticular instance a vectorcardiographic tracing was 
performed one day prior to myocardial infarc- 
tion. A subsequent record enables one to com- 
pare the change in the graph caused by infarc- 
tion. The graph recorded prior to myocardial 
infarction shows the characteristic terminal 
rounding at the junction of the termination of 
ventricular excitation and the onset of recovery. 
Following myocardial infarction the sers pre- 
sented a uniform smooth rise without deformity 
similar to the previous graph until the area of 


+ 

+ 


+ 


As ~ 
0.1 sec : 
Fig. 3. Linear vectorcardiogram in anterolateral myo- 


cardial infarction. 


At this point a de- 
formity and plateau formation occurred as com- 
pared to the before-infarction recor. On the 
linear V graph a comparative deformity is noted 
in the terminal part of the QRS complex. The 
linear X, Y, and Z coordinate graphs demon- 
strate the characteristic deformities of inferior 
wall myocardial infarction. One interpreta- 
tion of myocardial infarction utilizing multiple 
graphs of this nature is that the coordinate 
graphs demonstrate the location of the infarct 
with respect to endocardial-epicardial wall thick- 
ness, the abnormal Q wave indicating infarction 
involving the endocardial shell or a transmural 


the junction was reached. 
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block (/eft, normal 


infarction, and the sers graph 
demonstrates the location of the myocardial 
infarction between the apex and the base of the 


In this instance the deformity occur- 


myocardial 


ventricle. 
ring at the terminal part of the sers increment 
indicates that the infarction would theoretically 
be located at the base of the ventricle. * 

To illustrate another type of infarction, an 
example of anterolateral myocardial infarction 
is utilized (Fig. 3). The X, Y, and Z coordinate 
graphs demonstrate the characteristic features of 
anterolateral myocardial infarction with a broad 
Q wave in the X coordinate. The linear V 
graph demonstrates a terminal deformity of the 
QRS complex. However, this type of deformity 
is ofttimes seen in normal subjects. On the As 
the sgrs increment demonstrates a 
plateau prior to the termination of the QRS 
event. Theoretically one might assume that 
such a plateau is related to the final passing of 


graph 


* Such an interpretation is based upon the concept of 
the confluent cone wave front of excitation. The wave 


of excitation disintegrates last at the base of the ventricle. 
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Linear vectorcardiogram in intermittent complete right bundle branch 
right, complete RBBB). 


the wave of excitation outward through the area 
of myocardial infarction; i.e., that the infarcted 
area has been passed by the wave of excitation 
after this point in time. This example would 
seem to indicate on a theoretical basis that the 
infarct in this illustration does not extend to the 
base of the ventricle but is located somewhere be- 
tween the apex and the base, in contradistinc- 
tion to the previous example. 


COMPLETE RIGHT BUNDLE BRANCH BLOCK 


To illustrate the changes in the linear vector- 
cardiogram in the presence of right bundle 
branch block, one case presenting both normal 
conduction and complete right bundle branch 
block is utilized (Fig. 4). During the time that 
normal ventricular conduction is present, the 
X, Y, and Z coordinate graphs, the spatial vec- 
tor graph, and the As graph all present relatively 
normal features. In the presence of complete 
right bundle branch block the changes in all the 
graphs are restricted to the terminal part of 
ventricular excitation. It is of interest to note 
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that the earlier phase of ventricular excitation 
remains unaltered. ‘The linear spatial vector 
graph demonstrates a deformity in the terminal 
QRS complex due to the slow change in ven- 
tricular excitation during this period of time. 
The As graph shows a terminal deformity of the 
This deformity presents it- 
self as a plateau with a secondary rise. ‘This 
characteristic reflecting the slow 
terminal movement of the QRS loop has been 
noted in all 19 of the complete right bundle 
branch block tracings evaluated to date. 


increment. 


deformity 


LEFT BUNDLE BRANCH BLOCK 


A typical example of complete left bundle 
branch block is utilized to illustrate the linear 
vectorcardiogram in this condition (Fig. 5). 
The usual prolongation of QRS activity is 
noted, and the X, Y, and Z linear coordinate 
graphs present the expected features. ‘The 
interesting feature of the As graph is the slow 
gradual rise of the sgrs increment. It is of 
some interest to note that, while employing this 
particular VCG reference system for recording, 
left bundle branch block characteristically pre- 
sented low voltage as compared to normal 
records and as compared to most instances of 
right bundle branch block in young asympto- 


matic individuals. 


WOLFF-PARKINSON-WHITE SYNDROME 

To illustrate the linear vectorcardiogram in 
Wolff-Parkinson-White syn- 
drome a Case presenting intermittent WPW con- 
When normal 


the presence of 


duction was utilized (Fig. 6). 
conduction was present a relatively normal linear 
vectorcardiogram was noted. As might be ex- 
pected, the presence of pre-excitation caused 
deformity of the entire QRS complexes and was 
associated with secondary ST segment and T 
The characteristic pre-excita- 
tion wave form was noted in the linear X, Y, and 


wave changes. 


Z coordinate graphs as well as in the linear 
spatial vectorgraph. On the As graph pre- 
excitation was demonstrated by a continuation 
of the sp increment into the PR interval and 
directly into the early onset of pre-excitation of 
the sgrs increment. During normal conduc- 
tion, the plateau representative of the interval 
between completion of atrial excitation and the 


72 The Linear Vectorcardiogram 


+ + 

++ 

ttt 

TT 
| 


i 
+ 


+ 
: -+ 
4 4 

> 

sec 


Fig. 5. Linear vectorcardiogram in complete left 
bundle branch block. 


onset of ventricular excitation was clearly evi- 


dent. 


RIGHT VENTRICULAR HYPERTROPHY 

A case of mitral stenosis is used to illustrate 
the characteristics of the linear vectorcardio- 
gram in advanced right ventricular hypertrophy 
(Fig. 7). 


right ventricular hypertrophy with the quantita- 


The characteristic low voltage seen in 


tive vectorcardiographic reference system is 
noted in the coordinate leads. 


torgraph demonstrated a deformity of the QRS 


The linear vec- 
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complex. There was an R’ wave of consider- 


able magnitude. The accentuation of the R’ 


wave in the linear vectorgraph may be a 
diagnostic feature related to right ventricular 
It notching 


with a terminal rise in the QRS complex in the 


hypertrophy. is normal to see 


linear vectorgram of normal subjects. How- 
ever, the marked accentuation of the secondary 
peak is not seen. ‘The As graph demonstrated a 
relatively large sp as compared to Sgrs. 
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Fig. 6. Linear vectorcardiogram 
in intermittent WPW conduction 
(left, WPW—right, normal). 


LEFT VENTRICULAR HYPERTROPHY 


An example of aortic stenosis was utilized to 


demonstrate the linear vectorcardiogram in 
left ventricular hypertrophy (Fig. 8). The 
most distinct feature was increased voltage. In 


other examples of left ventricular hypertrophy 
this has also been noted to be quite marked. 
The As graph demonstrates a very large arc or 
large voltage. The arc increment rises rapidly. 
Left ventricular hypertrophy presents a number 
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of different clinical pictures, and it is to be 
anticipated that more advanced left ventricular 
other features. 


hypertrophy might 


These include a less precise termination of 


present 


ventricular excitation and the onset of ventricu- 
lar recovery in those instances in which the ST 
segment is markedly changed. 

DIscuSssION 


There has long existed a need for a simple 


Fig. 7. Linear vectorcardiogram in right ventricular 
hypertrophy. 


linear presentation of the basic parameters of 
the vectorcardiogram. A method is presented 
in which a simple linear vectorcardiogram can 
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4s 0.1 sec 
Fig. 8. Linear vectorcardiogram in left ventricular 


hypertrophy. 
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be obtained. Currently these have been carried 
out by calculation. This type of calculation 
can be carried out by analogue computers, and 
it is anticipated that future investigations along 
this line will be carried out in this manner. 
The linear vectorcardiogram presents a method 
of correlating arrhythmia problems with the 


vectorcardiogram as well as obviating the loss 
of detail of the P and T loops which commonly 
occurs in many forms of loop presentation. 
The chief new parameter presented by the 
vectorcardiogram itself is its spatial loop or 
pathway, as the instantaneous spatial vectors 
may be depicted on X, Y, and Z coordinate 
graphs, and their magnitude may be calculated 
from such graphs. A precise method of present- 
ing this material against a linear time base will 
enable rapid utilization of this additional pa- 
rameter. 

It is too soon to ascertain the extent of clinical 
usefulness of such a parameter. However, 
when the order of ventricular excitation and 
rudiments of vector analysis are considered, it is 
not improbable that such a graph might have 
direct application to locations of areas of myo- 
cardial infarction, problems related to the 
sequence of ventricular excitation, hypertrophy, 
and perhaps cardiovascular dynamics. The 
purpose of this paper is to introduce a simple 
graphic presentation of this parameter in the 
hope that it might be utilized by other investiga- 
tors with any or all vectorcardiographic refer- 
ence systems in order that its usefulness may be 
properly evaluated. 

The utilization of the linear vectorcardiogram 
does not supplant the teaching benefit which may 
be derived from three-dimensional representa- 
tion of the electrical forces created by the heart. 
The three-dimensional model remains one of the 
simplest methods of representing three-dimen- 
sional forces for instruction. However, the con- 


JUNE, 1959 


Lamb 775 


struction of individual models for specific cases is 
cumbersome and greatly impedes mass collection 
of experimental data. It is hoped that the pres- 
entation of a simple linear vectorcardiogram 
which encompasses the parameter of the three- 
dimensional model will enable more rapid 
investigation of electrocardiographic problems. 


SUMMARY 


A simple method of linear presentation of the 
vectorcardiographic parameters is presented. A 
discussion as to its possible usefulness is in- 
cluded. Illustrative examples of the changes in 
the linear vectorcardiogram in specific clinical 
entities are utilized. These include the normal 
linear vectorcardiogram and the linear vector- 
cardiogram in the presence of myocardial infarc- 
tion, right bundle branch block, left bundle 
branch block, Wolff-Parkinson-White syndrome, 
right ventricular hypertrophy, and left ventricu- 
lar hypertrophy. 
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LOSE STUDY shows that it was actually Mrs. 
Withering who was responsible for William 
Withering’s discovery of the activity of digitalis 
in cardiac failure. 
painted flowers asa hobby. The medical student 
Withering fell in love with Helena, took an in- 


As the young Miss Cook, she 


terest in botany, and later wrote a five-volume 
botanical textbook with a pharmaceutical ap- 
pendix. In 1775, the 34-year-old Withering 
was asked for an opinion on a colorful concoc- 
tion said by an old quack to cure dropsy, which 
Withering 
quickly recognized digitalis to be the active com- 
This indication for the use 


caused vomiting and diarrhea. 
ponent of this brew. 
of powder or infusion made from the dried leaves 
in edematous cardiac insufficiency was included 
by Withering in 1785 in his treatise, with em- 
phasis on the careful dosage necessary. 
Withering’s very clear description of the field 
of indications and the dosage of digitalis were 
not sufficient to gain the drug an established 
place in the pharmacopoeia, especially in Eng- 
land. It was not until the middle of the nine- 
teenth century, when Traube! in Germany dis- 
covered that digitalis caused slowing of the pulse, 
that clinical and pharmacologic investigation 
into the therapeutic application of digitalis really 
began. In 1883, Schmiedeberg (Fig. 1) deter- 
mined the basic pharmacologic effects of the digi- 
talis substances, classified the cardiac glycosides 
of various plants in a single pharmacologic group, 
and began to study purified glycosides. Albert 
Fraenkel of Badenweiler (Fig. 2) introduced 
strophanthin into glycoside therapy of heart dis- 
ease in 1905 after preliminary animal experi- 


ments. This was one of the greatest medical 


achievements of this century, and yet strange to 
say he was not awarded a Nobel prize. Mention 
should be made here of the work of Bauer and 
Fromherz?* at the Pharmacological Institutes of 
Freiburg and of Hoffmann-La Roche, Basel, 
Switzerland, who made the very important dis- 
covery that in the cumulative action of digitalis 
glycosides an accumulation not only of substance 
but also of effect was involved. About the same 
time Biichner* demonstrated histologically necro- 
sis in the cat myocardium following toxic doses of 
glycosides, thus affording anatomic evidence of 
the cumulative effect. Finally, Rein’s®*~’° in- 
vestigations on the “hypoxia-lienin-mechanism” 
were of cardinal importance for understanding 
the mechanisms of circulatory regulation. They 
will be mentioned again later, in connection 
with the recent discovery in the body of sub- 
stances with a circulatory action. 

It is probably worthwhile to review these basic 
pharmacologic actions of digitalis glycosides and 
to relate them to the far-reaching new investiga- 
tions of Bing, Szent-Gyérgyi, Fleckenstein, and 
others. The following considerations refer to 
the dynamic basic effects of digitalis, localization 
of action, mechanism of diuresis, and the trans- 
portation, distribution, and elimination of the 
cardiac glycosides. Along with energy-forming 
and physicochemical processes in the myocar- 
dium, the mechanism of action of cardiac glyco- 
sides will be discussed. 


DyNAmic PRINCIPLES OF CARDIAC GLYCOSIDE 
ACTIVITY 

Therapeutically, the most important site of 

action of the cardiac glycosides is undoubtedly 


* From the Department of Medicine, University of Basel, Switzerland. 
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Fig. 1. Oswald Schmiedeberg at age 
of 60 (painted in 1898 by Schadow). 


the myocardium; the systolic force of the muscu-- 
lar contraction is increased. This is the basic ac- 
tion of these drugs. Other effects of digitalis or 
digitaloids, such as increased systolic output, 
diminished size of the heart, reduction of in- 
creased venous pressure, and improvement of 
diastolic filling, can easily be explained by this 
effect on the muscle. This, of course, applies 
only to the use of therapeutic, nontoxic doses in 
cardiac insufficiency. Even the slowing of the heart 
rate in tachycardial insufficiency can at least 
partly be attributed to this primary intensifica- 
tion of systole. 


Effects on Heart Rate: 


shown, adrenergic reflexes originate in the di- 


As Bainbridge has 


lated atrium which increase the heart rate. If 
the dilatation of the right atrium is relieved along 
with the increased venous pressure, these reflexes 
are abolished and the heart beats more slowly. 
A causal relationship between the reduction of 
the heart rate and the basic systolic effect is sup- 
ported by the fact that, in insufficiency, the ven- 
tricle is more sensitive than in the normal or 
glycoside-compensated heart with adequate 
circulation and oxygenation of the myocardium. 
Such a regulatory mechanism is also logical, as 
there is no longer any need for an increased rate 
when the stroke volume has been increased by 
digitalis. 

A second mechanism whereby the heart rate is 
slowed down after digitalis is provided by the in- 
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Fig. 2. Albert Fraenkel. 


creased sensitivity of the carotid sinus to vagus 
stimulation.® A direct effect on specific conduc- 
tion is also involved, especially in optimal digi- 
talis activity in auricular fibrillation. This third 
mechanism of reduced heart rate due to digitalis 
is not transmitted by the vagus, as it is not in- 
hibited by atropine.’ Improved nutrition and 
also prolonging of the refractory period in con- 
duction are possible mechanisms whereby the 
ventricular rate is restored to normal.’ The 
author, as assistant to Fraenkel in 1919, reported 
the beneficial effect of strophanthin in paroxys- 
mal auricular fibrillation and heterotopic im- 
pulse formation.® 

Effect on Cardiac Output: In 1932, Fraenkel’s 
colleagues Grassmann and Herzog® investigated 
the effect of strophanthin on the minute and 
stroke volume of cardiac patients. 
these volumes lasting about 15 minutes after a 
normal dose of strophanthin was demonstrated 
both by Grollman’s acetylene method and by the 
method of Broemser and Ranke. 
shows a sample graph from this paper. 

These results of Fraenkel and his colleagues 
have been repeatedly recognized and confirmed 
by, among others, Harvey ef al.,'° from whose 
work Figure 4 is taken. 
effects already described after intravenous action 
of digoxin in the decompensated hypertensive pa- 
tient. The increased minute and stroke volume, 
the reduction of the heart rate, and the reduction 


An increase of 


Figure 3 


Figure 4 shows the 
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Fig. 3. The effect of strophanthin on cardiac output and stroke volume. (From Grassmann, W. and Herzog, 
F.: Arch. exper. Path. u. Pharmakol. 163: 97, 1932; reproduced by permission of Springer-Verlag) 


Fig. 4. The effect of intravenous digoxin in congestive failure in a patient with hypertensive cardiovascular 


disease. (From Harvey, R. M., et al.: 
Grune & Stratton, Inc.) 


of pressure in the pulmonary artery and the right 
atrium may be seen together with the increased 
pulse pressure in the brachial artery described 
by Fraenkel in 1908. In the healthy heart, the 
same authors found that the sole effect of digoxin 
was a diminished minute volume. In the en- 
larged heart without decompensation, digoxin 
either had no effect or produced a reduction in 
the minute volume. As early as 1908 Fraenkel! 
reported in Schmiedeberg’s Jubilee Volume that 
injection of 0.75—-1.0 mg strophanthin in healthy 
subjects or patients without manifest decompen- 
sation exerted no effect on the blood pressure, 
pulse amplitude or rate, or subjective feeling of 
well-being. The reduction of the stroke volume 
in the healthy subject following high doses of 
glycosides is probably due to a reduction of car- 
diac dilatation as a result of increased myocar- 
dial tonus. (Gold and Cattell,!® however, found 
no effect on tonus in isolated papillary muscle.) 

Effect on Mechanical Phases of Cardiac Cycle: 
The four phases of the mechanical changes dur- 
ing a cardiac cycle can be pictorially represented 
as a running noose formed by the pressure:volume 
or pressure:circumference ratio (Fig. 5). The area 
enclosed by the noose becomes greater with in- 
creasing diastolic volume and systolic pressure, 
improved systolic emptying, and decreased dias- 


Circulation 4: 366, 1951; reproduced by permission of the authors and 


tolic pressure. All these mechanical factors are 
established effects of the glycosides on the ven- 
tricles of the heart, as found by Wiggers and 


Stimson” by means of ventricular pressure and 
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Fig. 5. (A) Sequence of mechanical events during 
cardiac cycle in terms of changes in aortic, atrial and 
ventricular pressure and of combined ventricular volume 
(After Wiggers). (B) Pressure-volume loop obtained by 
plotting sequentially ventricular pressure against ventric- 
ular volume throughout a cardiac cycle. (After Burch) 
(From Rushmer, R. F.: Physiol. Rev. 36: 400, 1956; 
reproduced by permission of the author and the Ameri- 
can Physiological Society, Inc.) 
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Fig. 6. The action of ouabain in various concentrations (1:5; 40; 75; and 100 million) on the systolic ten- 
sion of isolated papillary muscles. (From Cattell, M. and Gold, H.: J. Pharmacol. & Exper. Therap. 62: 116, 
1938; reproduced by permission of the authors and the Williams & Wilkins Company) 


Fig. 7. The effect of digitalis glucoside on papillary muscle contracting under optimum and under excessive 
diastolic tension. (From Gold, H. and Cattell, M.: Arch. Int. Med. 65: 263, 1940; reproduced by permission 


of the authors and the American Medical Association ) 


volume determinations in strophanthin- and digi- 
talis-treated animals. All four effects can ulti- 
mately be traced to the basic inotropic activity 
of the cardiac glycosides. The conditions shown 
in Figure 5 are those of optimal good health; 
they can be reproduced by the action of digitalis 
on an insufficient heart in which the area en- 
closed by the noose would be reduced. How 
such a diagram of cardiac insufficiency would 
appear can easily be imagined. 

Effect on Isolated Papillary Muscle and Myocar- 
dial Fibrils or Strips: Any shadow of doubt that 
the most significant site of action of the cardiac 
glycosides is the myocardium has been removed 
by experiments on isolated papillary muscle, on 
strips of myocardium, and on myocardial fibrils. 

In isolated cat papillary muscle Cattell and 
Gold" were able to obtain a multiple increase in 
the contraction of rhythmically stimulated pap- 
illary muscle with therapeutic concentration of 
ouabain and digitoxin (Fig. 6). On this isolated 
papillary muscle, Gold and Cattell” also claimed 
to show that the cardiac glycosides act not upon 
“tonus’’ but upon the strength of the contraction. 
The initial length of the fibers is taken as the 
criterion of “‘tonus.’’ As is shown by Figures 7 
and 8 in Gold and Cattell’s paper,'® the same in- 
crease of contraction is obtained with ouabain on 
rhythmic stimulation of the hyperextended mus- 
cle as in muscle of normal length (Fig. 7); only 
the strength of the systole is increased under the 
influence of ouabain without the length of the 
papillary muscle being affected (Fig. 8"). If 
any change occurs in muscle tonus, these authors 
believe that it is not due to any direct effect of 
the glycosides on the myocardium but rather to 


the indirect effects of improved cardiac efficiency 
reducing the volume of the heart and of the cir- 
culating blood, and so on. The length of the 
fibers during diastole is unimportant for the sys- 
tolic effect of digitalis. This is contrary to 
Starling’s law. 

Following these investigations on isolated pap- 
illary muscle, experiments on single myocardial 
fibers represent a further step toward the locali- 
zation of action of the glycosides. Such experi- 
ments have been performed in situ by Wood- 
bury and Hecht,'® using microelectrodes (less 
than 1 yw in diameter) in the beating frog heart. 
The action potentials obtained in this manner 
from the individual myocardial fibers may be 
assumed to be membrane or intracellular po- 
tentials. The charge of the normal heart con- 
sists of a rapid depoiarization and a slower re- 
covery or repolarization, as shown by the 
prolonged duration of the plateau in Figure 9 
(control). Under the influence of all types of 
cardiac glycosides, the recovery time is clearly re- 
duced in proportion to the dosage; with high 
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Fig. 8. Effect of digitalis glucoside on “‘tone”’ and sys- 
tolic tension. (From Gold, H. and Cattell, M.: Arch. 
Int. Med. 65: 263, 1940; reproduced by permission of 
the authors and the American Medical Association ) 
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doses the reduction is so great that the plateau of 
the action potential disappears completely and is 
replaced by a spike such as is found in skeletal 
muscle or nerve. 

It is one of the fundamental differences be- 
tween skeletal and heart muscle that the former 
has an action potential of only a few milliseconds 
while that of the latter lasts 0.4—-6.0 seconds, de- 
pending on temperature. The recovery phase 
is thus normally much longer in heart muscle 
than in skeletal muscle. In the latter the action 
potential serves only to initiate the contraction; 
in heart muscle, however, the potential, includ- 
ing that of the individual muscle fibers, lasts 
almost throughout the contraction. Woodbury 
and Hecht believe that the cardiac glycosides 
intervene in the phase of rapid repolarization 
by various metabolic processes; this is expressed 
in variations in the potential. 

Finally, Langemann, Brody, and Bain" in- 
vestigated the effect of ouabain on the oxygen 
consumption of sections of myocardium (un- 
dried weight 110-130 mg) and of mitochondria 
from cat and guinea pig myocardium in vitro. 
Quabain in concentrations of 10-§M to 10-*M 
increased oxygen consumption of the sections 
but only when the latter were damaged by pro- 


longed incubation or by barbital. In no case 
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Fig. 9. Membrane action potentials of single ventricular 
fibers of the frog heart at different stages of digitoxin in- 
toxication. Control: no digitoxin administered. (A) 
Early digitoxin effect. (B) Strong digitoxin effect. (C) 
Very strong effect, just before complete systole. (From 
Woodbury, L. A. and Hecht, H. H.: Circulation 6: 172, 
1952; reproduced by permission of the authors and 
Grune & Stratton, Inc.) 
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did ouabain have any effect on the oxygen up- 
take of mitochondria from the heart or brain. 

The distinction between the positive effect of 
the glycosides on the whole heart, isolated myo- 
cardium, and individual fibrils, on the one hand, 
and the lack of effect of digitalis substances on 
mitochondria, contractile proteins,'*:'* and myo- 
cardial homogenates,” on the other, is of the 
utmost importance; it prompts the conclusion 
that the effect of the cardiac glycosides is some- 
how structurally determined, since no direct 
effect on the oxidative enzymes of the mito- 
chondria has so far been observed with certainty, 

Diuretic Errecr or Diciratis GLycosipEs 

The diuretic effect of digitalis and digitaloids 
in edema patients can be related without diffi- 
culty to the positive inotropic effect, which re- 
duces the hydrostatic pressure in the venous cap- 
illaries, augments glomerular filtration and renal 
plasma flow, and corrects hypoproteinemia, if 
present, by relieving hepatic congestion. 

Effect on Renal Tubules: Gremels*! already had 
assumed a direct renal effect of digitalis on the 
kidney perfused in a heart-lung preparation. 
Tubular reabsorption of water and chlorides 
would be specifically inhibited and elimination of 
nitrogenous substances increased parallel with 
the increased oxygen consumption in the kidney. 
Recently Farber e¢ a/.,” on the basis of studies of 
human diuresis, supported the view that the car- 
diac glycosides act directly on the renal tubules, 
increasing water and sodium excretion. Reab- 
sorption of sodium was also inhibited in patients 
without cardiac insufficiency or with edema of 
noncardiac origin without the hemodynamic ef- 
fect of the cardiac glycosides necessarily being 
present. This publication also deserves atten- 
tion because it discusses a most interesting mech- 
anism of action. Since there is a chemical re- 
lationship between aglucones and salt-retaining 
corticosteroids, the possibility should not be 
overlooked that the aglucone reduces salt reten- 
tion by competing with the corticosteroid for its 
site of action in the cells of the tubules. Further 
evidence of such an activity is to be seen in the 
observation that the cardiac glycosides show an 
even greater effect on sodium elimination in sub- 
jects in whom salt retention has been produced 
by the administration of DOCA. 
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Fig. 10. A plant-growing chamber used for the biosynthetic labeling of medicinal plants with radioactive carbon di- 
oxide. (Figs. 10 and 11 from Okita, G. T., et al.:| J. Pharmacol. & Exper. Therap. 110: 244, 1954; reproduced by per- 
mission of the authors and the Williams & Wilkins Company) 


Fig. 11. Rate of uptake of 1 L of radioactive carbon dioxide by six Digitalis purpurea plants placed in an enclosed grow- 


ing chamber (30 X 30 X 30”). 


Effect on Glomerular Filtration and Renal Blood 
Flow: At a conference in Basel last year Werké 
of Géteborg reported on the renal effect of car- 
diac glycosides on patients with rheumatic heart 
disease. Catheterization of the heart and clear- 
ance studies were carried out simultaneously. 
Following intravenous administration of 0.8 mg 
Cedilanid there is apparently an increase in so- 
dium elimination, filtration rate, and total renal 
flow before the heart catheter reveals any effect 
on the circulation. At this point, increased di- 
uresis was also found in certain cases. When the 
circulatory effect of Cedilanid later becomes 
manifest, there is a further increase in diuresis. 
The mechanism of this primary effect on the kid- 
neys is unknown; nor is it easy to understand 
why only Cedilanid has this effect, while Scil- 
laren, Strophosid, and Acylanid do not. 


TRANSPORTATION, DISTRIBUTION, AND 
ELIMINATION 


The transportation, distribution in the body, 
and elimination of digitoxin have been investi- 
gated by Okita et al.%-®* by the usual isotope 
technique. C'*-labeled digitoxin is produced by 
biological synthesis by exposing Digitalis pur- 
purea plants to a C“O, atmosphere. Their iso- 
tope digitalis “garden” is shown in Figure 10; 
Figure 11 shows the daily variations in C“Oz up- 
take bythe plants. With these labeled substances 
it is possible to trace minimal amounts of glyco- 
sides or their metabolites (down to 0.02 wg) quan- 
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titatively. This replaces the earlier complicated 
and inaccurate biological tests. 

Elimination of Digitoxin: Patients were given 
0.5 or 1.2-1.5 mg of this radiodigitoxin by intra- 
venous injection. The activity in the blood 
(20 ml) was determined immediately and at var- 
ious periods up to 96 hours after injection. Two 
minutes after the injection about 42 per cent re- 
mained in the blood; thereafter the level fell 
rapidly at first and then more slowly, traces of up 
to 1 per cent of the amount injected being still 
demonstrable in whole blood after 96 hours. 
The glycoside thus remains in the blood much 
longer than was previously believed, and in fact 
for more than 96 hours. The authors have 
proved that for 40 days after a dose of digitoxin 
the unchanged glycoside is eliminated in the 
urine. 

Two phases can be distinguished in the course 
of the curve showing the disappearance of radio- 
digitoxin from the blood: first a short period of 
15 to 30 minutes, which probably represents the 
establishment of equilibrium between blood and 
tissue, and then a protracted phase correspond- 
ing to the re-release of loosely bound digitoxin 
and its metabolites, i.e. the actual digitoxin turn- 
over (Figs. 12 and 13). This is a striking dem- 
onstration of the cumulation of the substance. 

Distribution of Digitoxin: More recently the 
authors*® have continued their investigations on 
three severely ill patients. Radioactive digi- 
toxin was given in repeated intravenous doses 
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Fig. 12. 
(From Okita, G. T., ef al.: Circulation 7: 161, 1953; 
Inc. ) 
Fig. 13. 


total C™ after a arg intravenous administration of biosynthetically labeled C-digitoxin. 


et al.: J. Pharmacol. 113: 376, 1955: 


Wilkins Company ) 
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until shortly before death, the rate of excretion 
measured, and the distribution in the different 
organs determined postmortem. ‘The chief find- 
ings were as follows: Within 15 minutes after in- 
jection, 60 per cent has already disappeared from 
the blood. 


side is metabolized in the liver 


During this period part of the glyco- 
and unchanged 
digitoxin and its metabolites reach the intestine 
via the biliary tract. They 
the small intestine and follow an enterohepatic 
cycle. About 70 per 
glycoside administered is eliminated by the kid- 
ney and 17 per cent by the intestine. 


are then resorbed by 


cent of the amount of 


The three most important facts seem, how- 


ever, to be: (1) The observation that unchanged 
glycoside can still be shown to be present in the 
urine 40 days after a single injection of digitoxin. 
(2) The myocardium has no particular affinity 
for the cardiac glycoside. (3) Two micro- 
grams or less per 100 Gm tissue suffice for a car- 
diotonic effect. 

It is amazing what small concentrations are ef- 
fective in the end organ. We are used to such 
active quantities in the case of hormones and 
physiologic substances such as adrenalin or ace- 
tylcholine. It must be assumed that this rela- 
tively limited number of molecules occupies 


highly selected sites in the muscle fiber. 


Daily renal excretion rates of C''-digitoxin and its metabolic products for subject E. 
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reproduced by permission of the authors and Grune & Stratton, 


Blood level curves showing percentage of dose remaining in vascular system as unchanged digitoxin and 


(From Okita, G. T., 


reproduced by permission of the authors and the Williams & 


CARDIAC GLYCOSIDES AND ENERGY-PRODUCING 
PROCESSES IN THE MYOCARDIUM 


OBSERVATIONS IN HEART-LUNG PREPARATION 


The problems of energetics were first studied 
by means of Starling’s heart-lung preparation. 
Gremels,*® following the methods of muscle 
physiology (especially the work of A. V. Hill 
and his colleagues), determined the efficiency of 


the heart, i.e. the ratio total energy:mechanical 


20 MG 10 MO 
STROPHANTHIN SYNEPHRIN 
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Fig. 14. Effect of 0.05 mg strophanthin on the camphor- 


intoxicated heart. (From Gremels, H.: Arch. exper. 
Path. u. Pharmakol. 169: 689, 1933; reproduced by per- 
mission of Springer-Verlag ) 
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FACTORS AFFECTING VENTRICULAR STROKE WORK 


NEURO- NEIRO- 
HUMERAL 
INFLUENCE INFLUENCE 
Heart Rate + 
Stroke Work (AV X P + Ex) + B. Systolic volume + 
Stroke Volume = (Va — Vs) + 1. Myocardial fiber length 
A. Diastolic volume + (Starling’s law) 
1. Filling time + 2. Myocardial contractility + 
2. Effective filling pressure + a. Myocardial tension — wl 
a. Ventricular diastolic pres- + b. Extent of myocardial 
sure 
; c. Rate of myocardial short- + 
i. Blood volume + ening 
ii. Venous capacity + d. Myocardial efficiency + 
3. Ventricular systolic pressure + 
3. Ventricular distensibility Ventricular c 
a. Ventricular elasticity ? Pa) 
i. Myocardial elasticity A. Systolic pressure + 
ii. Stroma elasticity 1. Peripheral resistance + 
iii. Interfascicular tension 2. Stroke volume + 
iv. Laplace relation 3. Arterial distensibility we + 
v. Pericardium 4. Rate = ejection (kinetic + 
b. Myocardial viscosity + _ energy 
i. Rate of filling + B. Diastolic pressure + 
4. Atrial contraction + 
Fig. 15. Factors affecting ventricular stroke work. (Figs. 15 and 16 from Rush- 
mer, R. F.: Physiol. Rev. 36: 400, 1956; reproduced by permission of the author 


and the American Physiological Society, Inc.) 


HLP (heart-lung preparation). 
The efficiency of the heart-lung preparation, 
2-14 per cent, is relatively low compared with 
mammalian skeletal muscle, which has an opti- 
Starling’s law 
that the energy liberated by contraction of the 
heart is a simple function of the length of the 
muscle fiber is only applicable to the HLP. Ac- 


work on the 


mal efficiency of 25-30 per cent. 


cording to this law more energy is produced with 
greater diastolic volume, and this is attributed 
to the increase in the active surface of the 
stretched fiber or of the capillaries. It has al- 
ready been mentioned that this law does not ap- 
ply in the isolated papillary muscle, and that also 
under the complicated nervous and humoral in- 
fluences to which the heart is subject in vivo 
there is no longer such a simple correlation be- 
tween the length of the fiber and function (cf. 
Rushmer,” Bing,” and the various papers read at 
the Symposium on the Physiology of the Heart,”* 
which deal particularly with the validity of 
Starling’s law). 

According to Gremels,?® in the HLP oxygen 
consumption is reduced and the work of the 
heart (the minute volume) is increased by car- 
diac glycosides, thus raising the efficiency. ‘This 
effect is seen in the impaired heart, just as any 
increased performance due to digitalis can only 
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be seen in the damaged HLP (e.g. by camphor) 
(Fig. 14). It may also be mentioned in this con- 
nection that any heart-lung preparation must be 
regarded from the start as an insufficient heart 
preparation. Pulmonary edema develops rel- 
atively rapidly, and not only is the nervous regu- 
lation of the cardiovascular system lacking, but 
also the humoral regulators among which Rein’s 
“lienin” may be mentioned. The efficiency of 
the HLP is thus a priori diminished, and this is 
the reason the effect of digitalis can be demon- 
strated. 

Rushmer,"” in his excellent review of the 


en Cardiac Output Heort Rate 
/ 
increased “ 
Energy Release 
(Starling's Low) 
¢ Dieniniched 
Increased (1) Pressoreceptor 
Diastolic Distension — Activity 


' 
increased Effective Diminished Arterial 
Filling Pressure 1 
Abdomino-thoracic Vasodilation 
Vasoconstriction . 
(Splonchnic Bed) (Active 
Muscle Pump bos too. 
Fig. 16. Cardiovascular reflex mechanisms produced by 


muscular contraction. 
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anatomy and physiology of cardiac function, tab- 
ulates all the factors which may influence ven- 
tricular stroke volume (Fig. 15). He also shows 
diagrammatically the multiple cardiovascular 
nervous reflex mechanisms which are brought 
into play by, for example, muscular activity 
(Fig. 16). 
hormones 


When we consider in addition that 


(thyroxin, adrenocortical steroids) 


and transmitter substances (acetylcholine,* 
noradrenalin) are also involved in cardiac ac- 
tivity, it is clear that the pharmacology of the 


isolated heart or the HLP cannot be complete. 


OBSERVATIONS IN INTACT ANIMAL OR HUMAN 


Final elucidation of the action of the cardiac 
glycosides is of decisive importance, for their 
therapeutic application is only possible if exact 
physical and chemical data can be obtained by 
satisfactory methods from the intact animal or 
non-anesthetized human. Results fulfilling these 
conditions have now actually been published. 

Coronary Flow and Myocardial Efficiency in Heart 
Failure: Bing et al.*°~** developed a_ brilliant 
technique for investigating energetics in healthy 
subjects and patients under physiologic condi- 
tions. They catheterized the coronary sinus, 
measured coronary flow by the N2O method and 
calculated the work of the heart according to 
Starling from the minute volume and the mean 
pressure in the aorta. In the normal subject 
coronary flow through the left ventricle was 65 
ml/100 Gm/minute, and the oxygen consump- 
tion was 7.8 ml. In the patient with cardiac in- 
sufficiency, coronary flow was normal and the 
oxygen consumption only slightly raised in spite 
of considerable hypertrophy. The efficiency of 
the healthy heart is 25 per cent; that of the in- 
sufficient heart is less on account of the greatly 
reduced work of the heart and the slightly raised 
oxygen consumption. The greatly dilated heart 
requires more oxygen than the heart of normal 
size for the same minute volume. By dye meth- 


ods and catheterization of the right ventricle 


* In this connection the present author’s investigations 
(Straus, H. and Kutt, J.: Alin. Wehnschr. 18: 783, 
1939; Kutt, J.: Arch. exper. Path. u. Pharmakol. 192: 447, 
1939) showing that there is a great increase of acetyl- 
choline in the isolated frog myocardium following the 
application of cardiac glycosides may be referred to. 
This increase of the vagus substance was not found in 
vivo in the pretreated cat heart. 


and the pulmonary artery, the same authors 
have demonstrated a marked increase in the 
residual blood in the right ventricle in right-sided 
insufficiency, this increase of the residual blood 
being a sign of cardiac insufficiency. 

Myocardial Metabolism in Heart Failure: Bing’s 
investigations have also yielded important in- 
formation on details of the myocardial metabo- 
lism which increases our understanding of the 
pathophysiology of cardiac insufficiency. In 
heart failure (congestive failure) the oxygen con- 
sumption of the myocardium and the utilization 
The RQ is 


The lactic acid content of the 


of the main nutrients are normal. 
also normal. 
blood in the coronary vein, however, is higher 
than that of the arterial blood. ‘There is thus a 
relative reduction of lactic acid utilization, as in 
glycolysis; the latter, however, is not an ade- 
quate source of energy for the myocardium, and 
its capacity for work becomes insufficient during 
heavy strain. This glycolytic process is not 
noticeable at rest, since in the resting condition 
there is no difference in the energy production of 
the failing myocardium compared with normal. 
The myocardium becomes insufficient because of its 
inability to transform energy adequately into muscular 
contraction; the utilization of energy is impaired. 
In all probability, according to Bing, the site of ths 
impairment is in the contractile proteins of the myocar- 
dium. 

What then is the role of the cardiac glycoside 
in the transformation of energy in the insufficient 
heart? The myocardium is a machine which ob- 
tains its energy from adenosine triphosphate 
(ATP), as is well known. ‘The decomposition of 
1 mol ATP to form ADP and P releases 11,000- 
12,000 calories which are transformed into heat, 
tension, and work. The energy required for the 
resynthesis of ATP is provided by the oxidation 
of foodstuffs and glycolysis. ‘This transforma- 
tion of chemical energy into stimulation, tension, 
and movement is a universal process in living 
tissue; sometimes a change takes place in the 
source of the energy, e.g. acetylcholine in the 
nervous system, the acetylcholine complex pos- 
sessing an energy value of 3,000 calories per mol. 

It may be assumed in general that it is not the 
production but the utilization of phosphate energy 
which is disturbed in cardiac insufficiency, since 


the ATP and phosphocreatine content of the 


THE AMERICAN JOURNAL OF CARDIOLOGY 


Staub 785 


4- 
s 
Ss 
- 
3- & j 
Y 4 
i- 2- y 


Cardiac L.Ventriculor L.V. Oxygen Maximal 
Output, Work(Kg— Consumption Efficiency 
(L/min/M* ) Meters) (cc/lOOgm/min) (%) 


Fig. 17. Effect of digitalis on cardiac work efficiency in 
patients with cardiac failure. Strophanthus and digitalis 
preparations increase the work of the heart but have no 
effect on the oxidative myocardial metabolism. Thus 
they increase cardiac efficiency only by an increase in 
cardiac work. (From Bing, R. J.: Bull. New York 
Acad. Med. 27: 407, 1951; reproduced by permission of 
the author and the New York Academy of Medicine) 


myocardium remains constant in heart failure. 
Only in beriberi or in thyrotoxicosis does cardiac 
insufliciency appear to depend on inadequate 
formation of energy-supplying phosphates. Jn 
any case, cardiac insufficiency is always primarily or 
secondarily a metabolic disorder. 

Action of Cardiac Glycosides in Utilization of 
Energy in Heart Failure: The site of action of the 
cardiac glycosides has also been sought in the 
utilization of energy for mechanical work, other 
than in the phase of energy production.***6 
Their effect in this case would be to normalize 
the defective utilization of energy apparent in 
cardiac insufficiency. 

Bing® has followed the effect of strophanthin 
on the human by catheterization of the coronary 
sinus. He found that strophanthin did not 
modify coronary flow or aerobic metabolism in 
either healthy subjects or patients with cardiac 
insufficiency. Strophanthin has no effect on the 
oxygen consumption of the insufficient heart (in 
contrast to the findings in the HLP): it does, 
however, increase efficiency, but only by increas- 
ing the stroke volume (Fig. 17). On the basis of 
his investigations the author believes that he 
has been able to define even more exactly the 
nature of the defect in cardiac insufficiency and 
of its correction. Jt is not a defective utilization of 
oxidative energy but a defective transformation of that 
energy into effort, and it is this defect which is eliminated 
by the cardiac glycosides. In either case, however, 
this still appears to be a disorder of utilization. 
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TABLE I 
Reaction of Acid-soluble Phosphatide Fractions to 
Transient Therapy with Large Doses of Digitoxin and to 
Repeated Small Doses of Acetyl-Digitoxin, Compared 
with Normal Myocardium® 


Inor- 
Phospho- ATP ADP _ ganic 
creatine (u (u phos- 
(u mol) mol) mol) phate 
mol) 
Control 2.8 2.8 ce 9.7 
After digitoxin ther- 
apy (acute intoxi- 
cation ) 1.9 2.4 2.5 13.6 
After digitoxin ther- 
apy (repeated small 
doses of acetyl- 
digitoxin ) 2.2 10.8 


* Calculated for fresh muscle. 


Action of Cardiac Glycosides on Myocardial Phos- 
phate Metabolism: In the Basel Clinic, the in- 
fluence of the cardiac glycosides on the enzyme 
adenosine triphosphatase and the quantitative 
changes of ATP, ADP, phosphocreatine, and in- 
organic phosphate was tested in the normal and 
acutely insufficient rat heart.” ATP and ADP 
were determined by the paper chromatography 
method of Eggleston and Hems** as modified 
by Fleckenstein and Janke.** The glycoside 
was given in vivo. Experimental insufficiency 
was produced by quinine intoxication. The on- 
set of toxic effects of quinine or of the glycoside 
was determined by means of electrocardiog- 
raphy. No effect of the glycoside was found in 
myocardial homogenate from a pretreated ani- 
mal, whether normal or insufficient. Moreover, 
only after the addition of very high doses of dig- 
itoxin to the myocardium in vitro could a lim- 
ited and evidently nonspecific inhibition of 
adenosine triphosphatase activity be observed.” 

If, however, phosphate metabolism was inves- 
tigated on the intact myocardial tissue of pre- 
treated animals in vivo the reduced phosphate 
turnover in the decompensated heart could be 
shown to be normalized by cardiac glycosides. 
Table I shows results of experiments on the nor- 
mal animal. It is evident that after acute digi- 
toxin intoxication (0.5 mg intravenously per rat) 
phosphocreatine is reduced, while ADP and in- 
organic phosphate are increased; apparently 
more phosphocreatine is being broken down 


ill 
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without corresponding resynthesis. With re- 
peated small doses of acetyl-digitoxin (0.05 mg 
by mouth every other day, total 0.25 mg), how- 
ever, the phosphocreatine, ATP, and inorganic 
phosphate levels remain within the limits of con- 
trol figures; degradation and resynthesis are in 
equilibrium. Strophanthin has the same effect. 
A new point is the demonstration that, in both 
acute and chronic toxicity, ADP is increased, so 
that one may assume that more primary phos- 
phate acceptor is available to the digitalized 
myocardium. 


TABLE II 
Reaction of Phosphatide Metabolism During Decompen- 
sated and Compensated Dilatation of the Myocardium 
(Due to Quinine Intoxication ) 


In- 
Phospho- ATP ADP _ organic 
creatine phos- 
(u mol) mol) mol) phate 
(u mol) 
Decompensated dila- 
tation 1.9 3 0.8 10.5 
Compensated dilata- 
tion 2.4 2.6 LF 9.7 


In Table II, phosphate fractions in compen- 
sated and decompensated dilatation following 
quinine intoxication are shown. The compen- 
sated dilated myocardium behaves normally; 
in the decompensated stage, on the other hand, 
phosphocreatine, ATP, and ADP are below nor- 
mal. 

If a dose of 0.2 mg strophanthin is injected into 
the quinine-intoxicated heart and the phosphate 
fractions in the myocardium are immediately 
determined, similar results are found to those 
which follow a high dose of digitoxin (see Table 
I). If the heart is not removed and prepared 
until 15 minutes after the strophanthin injection, 
however, phosphate distribution is similar to that 
produced by repeated small doses of acetyl-digi- 
toxin (see Table I), with a striking increase in 
the ADP fraction. Thus myocardial phosphate 
metabolism can be restored to normal by cardiac glyco- 
sides. 

This proof of an effect of glycosides on the 
phosphate metabolism seems to be contrary to 
many reports in the literature.** It is impor- 
tant, however, that a marked diminution of 
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phosphocreatine synthesis was found after pro- 
longed digitoxin intoxication, and after quinine 
intoxication of the myocardium all three organic 
phosphate fractions were reduced. Quinine ap- 
parently prevents the oxidative synthesis of 
phosphate as in beriberi. In the normal heart, 
small therapeutic doses of glycoside do not mod- 
ify the phosphate fractions, whereas in quinine 
intoxication they restore pathologic phosphate 
fractions to normal. Increased phosphate me- 
tabolism, such as we have shown, i.e. increase of 
both degradation and synthesis from small doses 
of glycosides, has also been demonstrated*® with 
the use of P®”. ‘These experiments also show what 
has already been mentioned, that the effect of the 
glycosides is dependent on structure; it is for this 
reason that there is no effect on isolated enzyme 
systems. 
vestigations may be mentioned in which the 
administration of phosphate was shown to exert 
a favorable influence on the impaired animal 
and human heart. 

In considering the structurally related effect of 
the glycosides on phosphorylation or energy pro- 
duction in the myocardium, effects on mem- 
branes and modifications of permeability must 
be taken into account. It may be imagined that 
by such mechanisms enzymes and substrates are 


In this connection our own earlier in- 


rhythmically approximated and separated, so 


— et) Fig. 18. Simplified sche- 
— work matic representation of 
metabolism and electro- 
cu © cardiogram in cardiac dia- 
io ane stole and systole. (From 
Raab, W.: Fortschr. Kar- 
diol. 1: 65, 1956; repro- 
ee duced by permission of the 
OXIDATIONS | ANAEROBIC author and S. Karger AG.) 
AmAER 
KATP-ACTOMYOSIN) 
RECOVERY |CONTRACTION 
(VEN TRICULAR) | 


that phosphorylation in the respiratory chain 
and alternation of the membrane potentials are 
maintained. This type of mechanism is also 
postulated today for the effect of insulin and of 
hexokinase. Using Raab’s instructive diagram® 
of the myocardial metabolism as a rough guide 
(Fig.18), it can be assumed that in all probability 
the site of action of the digitalis glycosides is to 
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Fig. 19. (A) Oxygenator used for liver perfu- 
sion. (From Staub, H.: Arch. exper. Path. u. 
Pharmakol. 162: 420, 1931; reproduced by per- 
mission of Springer-Verlag). (B) Stationary 
screens of the Gibbon-type oxygenator. (From 
Kirklin, J. W. e¢ al.: Ann. Surg. 144: 2, 1956; 
reproduced by permission of the authors and 
the J. B. Lippincott Company ) 


be found in the ATP-actomyosin reaction (the 
right-hand side of this diagram). 


CARDIAC GLYCOSIDES AND ELECTROLYTES 


Myocardial Electrolytes in Cardiac Insufficiency: 
The transfer of electrolytes is involved in the in- 
itiation of both myocardial and skeletal muscular 
contractions. Important functions are _per- 
formed by K, Na, Ca, and Mg. The data are so 
numerous that an adequate survey is impossible; 
just a few findings which seem to be of impor- 
tance in this connection may be mentioned. 
Sodium is increased in the human myocardium 
in cardiac insufhiciency and K is decreased.* If 
potassium is replaced by sodium to excess in the 
protein-deficient rat, myocardial necrosis oc- 
curs.“ The addition of sodium has _ been 
shown under various experimental conditions to 
cause reversible impairment of the contractility 
of the isolated rat ventricle and myocardial prep- 
arations.***6 In papillary muscle fiber bundles 
K-ATP stimulates the development of tension, as 
do magnesium and calcium in a limited range of 
concentrations. The Nat ion inhibits the 
adenosine triphosphatase activity of myosin.” 

Effect of Cardiac Glycosides: Only in toxic doses 
do the cardiac glycosides cause a loss of po- 
tassium; no modification in potassium is asso- 
ciated with the therapeutic action of digitalis. 
In myocardial strips, a decrease of intracellular 
potassium and increase of sodium are observed 
only with toxic concentrations of strophanthin. 
We were unable to show any modification in the 
myocardial potassium content in the quinine- 


intoxicated and_ strophanthin-treated _rat.”° 
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These are but a few indications of the importance 
of the potassium-sodium antagonism. As static 
values, these findings are not of conclusive in- 
terest without the knowledge of how they are re- 
lated to intracellular dynamics. 

It is certain that the cations K*, Nat, Cat*, 
and Mgt* influence the contractile system of 
muscle cells; physiologically, it is very rapid in- 
tra- and extracellular shifts in a limited concen- 
tration range which determine stimulation, con- 
traction, and relaxation. Fleckenstein’s mono- 
graph* on the potassium-sodium exchange as en- 
ergy principle in muscle and nerve has greatly 
contributed to the understanding of this com- 
paratively difficult subject. 

Potassium and Myocardial Insufficiency in Open- 
Heart Surgery: Modern surgical practice offers 
an admirably instructive example of the pharma- 
cology of potassium. ‘To operate on the non- 
beating heart, the heart beat is arrested by an 
intracardiac injection of a solution of KC1.74 
When the operation is terminated, the heart 
beat is started again by recommencing coronary 
perfusion and thereby eluating potassium, or by 
electrical stimulation. Pharmacologic experi- 
ments on animals have shown that potassium re- 
duces the sensitivity of the heart. Wiggers et al.‘ 
were able to arrest ventricular fibrillation in the 
dog by administration of potassium into the cor- 
onaries, and Friedman and Bine*® reduced ir- 
ritability and arrhythmia in the embryonic duck 
heart with potassium. Arrhythmia in the hu- 
man has also been relieved by potassium.*!:” 
According to Woodbury and Hecht,'® KCl re- 
duces the action potential of individual myo- 


Staub 787 
ine — GA cs 
ap- | | 
art, | | 
»d- | 
ate 
1e- 
of ¥- 
eS 
th A 
at ) 
1€ 
e 
t 
l 
| 


788 Pharmacology of Cardiac Glycosides 


cardial fibers. All these facts explain the intra- 
cardiac application of potassium for arresting 
the human heart and preventing fibrillation in 
cardiac bypass surgery. 
pulse can restart the normal cycle of depolariza- 
tion and repolarization with the corresponding 
contraction and recovery is not known. It 


How an electrical im- 


seems logical that sodium lactate might also be 
used as a cardiac accelerator.” 

Closer study of Gibbon’s apparatus which is 
used for this bypass technique has shown that 
Gibbon’s oxygenator is identical with the oxy- 
genator (Fig. 19) which we constructed in 1931 
for the isolated perfusion of the liver in situ.®® 
The object of the perfusion was the same in both 
cases, namely to irrigate two vascular areas: in 
the bypass method, the peripheral and the coro- 
nary circulation; and in our perfusion of the iso- 
lated liver in situ, the portal vein and the 
hepatic artery. 


THEORY OF THE MECHANISM OF ACTION OF THE 
CARDIAC GLYCOSIDES 


Theories of Muscular Contraction: Present views 
on muscular contraction follow two _ theories. 
One sees in the electrical changes of the muscle 
membranes merely a sequence of stimulation, 
regulation, or inhibition, initiating and regulat- 
ing ATP degradation as by a sort of ignition. 
Mechanical energy for actomyosin contraction 


is provided by  energy-containing 
phate.'® 19,56 


The second theory sees the direct source of en- 


phos- 


ergy in osmotic or electrical energy available at 
the membranes and due to the great differences 
which exist between the extracellular and the in- 
tracellular potassium and sodium ion concentra- 
tions and which are liberated upon depolariza- 
tion of the membrane. The amount of energy 
supplied by this potassium “battery” is com- 
pletely adequate for the mechanical performance 
of the muscle, since the potassium-sodium ion 
gradients are very high. ‘The speed at which 
these ion transfers take place is also extremely 
high because the distance to be covered is only the 
thickness of the membrane. Fleckenstein’s ionic 
theory postulates that the energy-containing 
phosphates, and thus indirectly also respiration 
and glycolysis, serve exclusively to restore the 
membrane potential and recharge the potas- 
sium “‘battery”’ continually. 

Finally, the energy reaches the contractile 
proteins, the structure and function of which 
have been elucidated largely by Weber’s” and 
Szent-Gyo6rgyi’s investigations. Figure 20 is 
a diagrammatic representation of a contractile 
unit, the so-called “proto-fibril” of muscle. This 
diagram also explains the technical possibility 
of isometric and isotonic contraction in the pres- 


ence of parts of differently reacting contractile 


Fig. 20. Schematic representation of a proto- 
fibril with the A-protein on either side. (A) 
Uncontracted equilibrium length; (B) In iso- 
metric contraction; (C) Same, isotonic con- 
traction. (From Szent-Gyérgyi, A.: Fortschr. 
Kardiol. 1: 6, 1956; reproduced by permission 
of the author and S. Karger AG.) 


Fig. 21. Section from a frog heart. During 
fixation the muscle was kept at rest length by 
being filled with gelatin, which gelled. The 
long band in the middle is a muscle fibril, the 
striated bodies mitochondria. The insert from 
another heart shows round mitochondria. 
(From Szent-Gyérgyi, A.: Fortschr. Kardiol. 1: 
6, 1956; reproduced by permission of the 
author and S. Karger AG.) 
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Figure 21 shows an electron micro- 


proteins. 
scopic picture of the musculature of a frog heart 


in which the close spatial relationship between 
myofibrils and mitochondria can be seen. 
Szent-Gyoérgyi'® has reported recently his lat- 
est concept of the mechanism of contractile pro- 
teins. In this he gives a central role in the mech- 
anism of contraction to the Cat* ion; for ex- 
ample, a strong contraction is produced in a 
living muscle fiber when calcium is injected, and 
elimination of calcium or administration of mag- 
nesium produces relaxation. The contractile 
proteins are found in the myofibrils, while the 
oxidative enzymes of the Krebs cycle and phos- 
phorylation are located in the mitochondria. 
The energy-containing phosphates probably lie 
in the intermediate substance™ (see Fig. 21). 
Action of Digitalis on Myocardial Contraction: 
On the action of digitalis, Szent-GyGrgyi has his 
own particular views.'*:'® He claims to have 
discovered an active steroid “‘AS” in animal 
blood which has a particular affinity for the 
heart and regulates its functional activity. The 
existence of such a substance is assumed from the 
effect on the so-called “staircase phenomenon” 
of the insufficient frog heart, which can be pre- 
vented by “SAS.” 
According to Szent-Gyérgyi, the 


The cardiac glycosides have a 
similar effect. 
cardiac glycosides are no common medicament, 
since they develop their effects in minute doses, 
as with other physiologic substances or the hor- 
mones. ‘The glycosides have no effect on acto- 
myosin; they apparently act on membranes and 
regulate ion exchange. The intensification of 
the actomyosin function is then brought about 
through the mediation of these ions. 

Research continues into the exact localization 
of the point of action of cardiac glycosides. 
Waser, who previously worked at the Medical 
Clinic in Basel, and Volkart have reported ex- 
periments®® according to which the administra- 
tion of glycoside reduces the viscosity of actomyo- 
sin solutions but does not affect the degradation 
of ATP by myosin solutions. 

Read and Kelsey®® have recently reported that 
digitoxin has a specific action on the enzyme 
myokinase, a sort of regulator of the actomyosin- 
ATP degradation reaction. The two last-men- 
tioned findings concerning the action of digi- 
toxin on actomyosin appear to be the only non- 
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structurally determined effects so far reported. 

The parallels between the action of AS and 
digitalis appear to be extremely interesting in an- 
other connection. It is well known that the 
steroid sarmentogenin from Strophanthus sarmen- 
tosus was used in the semisynthetic production of 
The strophanthus genus there- 
fore supplies not only cardiac glycosides but also 
molds for the adrenocortical hormones. Such 
vegetable substances may very easily on the one 
hand promote a function of gencral biologic im- 
portance by substitution, and on the other exert 
a pharmacologic effect by competitive inhibi- 
tion. 


cortisone. 


One of Szent-Gyérgyi’s colleagues, Hajdu,”! 
has calculated that effective doses of digitoxin 
cover only about 5 per cent of the surface of car- 
diac myofibrils. ‘The cardiac glycosides show 
particular affinities for highly specific points on 
the membrane, where they exert an influence on 
the formation of the membrane potential. In 
cardiac insufficiency, permeability to potassium 
is increased so that an excessively low intracellu- 
lar potassium ion concentration develops. ‘The 
cardiac glycosides are able to normalize this 
concentration via a selective change of perme- 
ability, and in this manner promote inotropism. 
The potassium shifts are dependent on the doses 
of digitalis.?% 43.47.68 

Cardioactive Substances and Relation to Digitalis: 
Szent-Gy6rgyi also draws a practical conclusion 
from his concept of the mechanism of action of 
digitalis. 
caused by a deficiency of the active steroid as- 
sumed to be normally present, treatment with 
the cardiac glycosides would be a substitution 
therapy. 
indicated even before dynamic heart failure be- 
comes manifest. 

Szent-Gy6érgyi’s idea of the existence of a 
physiologic substance with digitalis action is not 
new, however. 
since the end of the 1930s with his “hypoxia- 
lienin.” He has been able to show that when 
either the whole organism or individual organs 
are lacking in oxygen, the spleen produces a_ 
substance or substances which prevent the in- 
jurious effects on the circulation (fall in aortic 
pressure and pressure amplitude, increase in 
venous pressure). In particular, Rein has car- 


If insufficiency of the membrane is 


Low doses of digitalis would then be 


Rein™ has been experimenting 
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Fig. 22. Experiment on a splenectomize 


-d dog (14.3 kg) with cardiac insuffi- 


ciency. Infusion of 5 cc plasma from splenic blood (V. lienalis of a donor ani- 


mal, after strong stimulation of the splenic 


nerves ) increases within a few minutes 


the pulse pressure, arterial pressure (Pr. art.), lowers venous pressure (Pr. ven.), 
and enhances peripheral circulation (Durchbl. per.). The same experiment with 
infusion of an erythrocyte suspension (from the blood of the V. lienalis) shows 
no effect on the heart and circulation (lower graph). (From Rein, H.: Arch. 
es. Physiol. 253: 435, 1951; reproduced by permission of Springer-Verlag ) 


ried out painstaking investigations into the ef- 
fects of this substance in so-called “‘hypercritical’’ 
coronary narrowing. He was able to show that 
this substance originating in the spleen was ca- 
pable for a long time of suppressing myocardial 
insufficiency resulting from coronary narrowing. 
This effect, however, could only be demonstrated 
when the heart was examined in situ and the 
liver was functioning normally. Hypoxia-lienin 
is therefqgre transmitted to the liver, where it 
either mediates the output of the cardioactive 
substance or else is itself transformed into such a 
substance, of which it is the precursor. 

Rein once discussed the nature of this active 
substance with Kuhn and von Euler; the first 
believed it was ferritin, the latter noradrenalin. 
The latter possibility was later excluded by 
Rein. A remark by this author in his last pub- 
lished work®® is of the greatest interest: 
**Regarding the action of this hepatic substance 
which exerts its influence ultimately on the heart, 
the author has not abandoned his original work- 
ing hypothesis: viz. that it may be similar to that 
of strophanthin or the bufotoxins.”’ (See Fig. 
22). 

Szent-Gyorgyi’s colleagues, Titus al.,” re- 
cently reported that the active substance which 
relieves the “‘staircase phenomenon” in the in- 
sufficient frog heart is not a sterol but a palmitin- 
lysolecithin, beta-lysolecithin, which is _pres- 
ent in the organs in the form of a precursor and 
shows a great affinity for the myocardium. It 
will be interesting to learn from future research 


how these physiologic substances are related to 


the action of digitalis. 


SUMMARY AND CONCLUSIONS 


Taking into consideration the different more 
or less proved single effects of digitalis on the 
heart and circulation, the author in the preced- 
ing pages has tried to develop the presently 
possible and established mechanisms of action. 
With the use of new methods, the knowledge of 
the dynamic principles of glycoside activity in 
cardiac muscle structure, and the transportation, 
distribution, and effect of digitalis on the meta- 
bolic turnover has been markedly advanced, es- 
pecially during the last few years. There now is 
support for the supposition that the cardiac glyco- 
sides act on the permeability of membranes, 
thereby removing the defective transformation of 
oxidative energy to cardiac work in the heart 


muscle. 
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Seminar on Ballistocardiography 


The Ballistocardiogram in 


Mitral Valvular Disease! 


PIERRE R. MORET, M.D. 


Geneva, Switzerland 


iu 1s generally agreed that neither the electro- 
cardiogram nor the ballistocardiogram gives 
specific information concerning the anatomic 
state of the heart valves. Nevertheless, various 
sources have suggested that there are ECG pat- 
terns that indicate specific cardiac chamber en- 
largement that, in turn, suggests damage to one 
or the other of these valves. Others have denied 
the constancy or specificity of these patterns. In 
a like manner several authors*:* have indicated 
that there are empiric BCG patterns constantly 
associated with specific valvular defects. 
Others!:? have failed to find these changes and 
reported other patterns that they deemed char- 
acteristic. 

Brown and his co-workers! found that 30 per 
cent of their patients with mitral stenosis had a 
tall L and N wave (high-frequency table BCG) ; 
Dock and his co-workers? (electromagnetic di- 


rect-body BCG) have stated that in “‘pure’”’ mi- 


tral stenosis there is no amplitude variation of 


the J wave during the respiratory cycle, that the 
L wave is almost absent, and that there is a 
shoulder between the K and N waves. Davis et 
al.* (high-frequency Starr-type table BCG) found 
an abnormal “early systolic headward wave”’ in 
13 out of 14 patients with “‘pure’”’ mitral stenosis. 
After commissurotomy, these abnormal waves all 
but disappeared. Kuo and Schnabel,‘ using the 


Dock machine, showed the presence in mixed 
mitral stenosis and mitral insufficiency of a 
roughly “‘M” shaped systolic complex created 
by the addition of an early systolic headward de- 
flection. ‘This additional stroke was shown to be 
separate and distinct from the H wave, and was 
small or absent in patients with either “‘pure’”’ mi- 
tral stenosis or with stenosis associated with 
but slight mitral insufficiency. 

Newman and co-workers® (Nickerson low-fre- 
quency critically damped table BCG), studying 
the ballistocardiogram in experimental mitral 
insufficiency, did not find any differences in the 
tracings which were taken before and after the 
creation of a mitral valve defect. Dock and co- 
workers’ consider the deep K and M and the tall 
L or N as typical of mitral insufficiency. Kuo 
and Schnabel! found that in patients with mitral 
stenosis and a marked degree of mitral insufh- 
ciency the presystolic wave was of high ampli- 


tude. 


PLAN OF STUDY 


It seemed probable that some of the differ- 
ences in these reported findirtgs could be traced 
to differences in instrumentation. Therefore, 
direct-body displacement, velocity, and accelera- 
tion BCGs§ were taken on every patient. It is felt 
that these tracings, individually or collectively, 


* This issue contains Part [IX of the Seminar on Ballistocardiography (edited by Sidney R. Arbeit, M.p., F.A.c.c.) 
A schedule of the articles already published, and of future articles in this seminar, may be found on pp. 101-102 of 


the January, 1959, issue (Vol. III, No. 1). 


t From a study done in the Department of Medicine, Jersey City Medical Center, Jersey City, New Jersey. 


Present address: 
§ Instrument: Arbeit DVA Ballistocardiograph. 


Centre de Cardiologie, Hopital Cantonal, Geneva, Switzerland. 
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Fig. 1. Mitral insufficiency. The direct-body BCG recorded in displace- 


ment, velocity, and acceleration (left). 


velocity trace has a slur on the IJ, stroke. 


The displacement trace is normal, the 


The acceleration curve clearly dem- 


onstrates a deep notch on the JK, segment (arrow on enlargement at right). 


approximate one or the other of all reported 
methods of study. 
In accordance with the usual criteria, the pa- 
tients were divided into three groups: 
Group I: 
patients). 
Group II: ‘Pure’? mitral stenosis (5 pa- 
tients). Four of these patients were sub- 
sequently operated on and the diagnosis of 
‘“‘pure”’ mitral stenosis was confirmed. 
Group III: Mitral stenosis associated with 
significant degrees of regurgitation (7 pa- 


‘Pure” mitral insufficiency (8 


tients). 
MITRAL INSUFFICIENCY 
BALLISTOCARDIOGRAPHIC FINDINGS 


The pure displacement ballistocardiographic 
complex was of normal form (Fig. 1) in almost 
every instance in group I. In two cases the peak 
of the 1 wave had been blunted and the I wave 
widened. 

The pure velocity curve often showed a slur on 
the IJ,* stroke, usually in its upper third. This 
was associated with a sharpening of the I wave 
and the shortening of the duration of the I wave 
when measured at the isoelectric line. 

The pure acceleration trace, in every instance 
but one, had a prolongation of the JK,f time 

* The subscript v identifies the complex as having 
been recorded in velocity. 


+t The subscript a identifies the complex as having 
been recorded in acceleration. 
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(more than 0.08 second) and in all but two 
showed a sharp deep notch in the JK segment (see 
Fig. 1). 

The “early systolic wave’ that characterized 
the mitral-stenosis group was not found in any 
case. 


CORRELATION OF CLINICAL EVIDENCE 
AND BCG CHANGES 


It was not possible to relate the size or the posi- 
tion of the notch on the JK, segment or the dura- 
tion of the JK, interval to any of the accepted 
clinical signs indicating the extent of insuffi- 
ciency of the mitral valve. The JK, changes 
did not fluctuate with the intensity of the second 
pulmonary sound, the intensity of the systolic 
murmur, the degree of left atrial enlargement, or 
the degree of left ventricular enlargement. All 
patients who had mitral insufficiency due to a 
bout of rheumatic fever suffered two or more 
years prior to the study had a notched JK, seg- 
ment and a prolonged JK, time. 


MITRAL STENOSIS 


BALLISTOCARDIOGRAPHIC FINDINGS 


In group II the displacement curve showed no 
measurable or discernible changes in form. The 
velocity curve was abnormal in form in three of the 
five patients studied. In two of these three, this 
abnormality was a notch in the I, wave with a 
variable prolongation of the total I time as meas- 
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ured at the isoelectric line (Fig. 2). In the third 
it was a distinct “early systolic wave.” 

This early systolic wave was present on the 
acceleration curve of all five patients (Fig. 2). 
While dominantly a headward force it was al- 
ways preceded by a short sharp footward im- 
pulse, 1I,, and followed by another footward 
force, 2I,. The peak of the headward force is re- 
corded at approximately the time that the nor- 
mal footward I, wave should have occurred. 


SIGNIFICANCE OF “SEARLY SYSTOLIC WAVE’ 


Based on a large experience in measuring the 
time intervals on the acceleration curve, it is 
possible to theorize that the “‘early systolic wave”’ 
is an abnormal headward force that, at that in- 
stant, has a larger energy content than the I, 
wave; ,l1, and eI, would then be manifestations 
of the normal I, dip, split and displaced in time 
by the “‘early systolic wave.” 

It must be remembered that the form and 
amplitude of the ballistocardiogram complex are 
not directly proportional to the force exerted by 
the heart but only to the residual unbalanced 
force operating at any instant. Therefore, this 
abnormality does not indicate that the heart has 
expended more energy in creating this wave but 
merely that the timing of the applied force of the 
heart has been shifted so that an imbalance ex- 
isted at these instants. 


d. 


The maximum amplitude of the early systolic 
wave on the acceleration curve was from 5 to 10 
mm. The amplitude varied very little with 
respiration even when the remainder of the BCG 
complex varied excessively. After successful 
mitral commissurotomy, the wave almost com- 
pletely disappeared (see Fig. 3). 

In none of our patients with “pure” mitral 
stenosis did we find any notching of the JK, 
segment or increase in the duration of the JK, 
segment. 

We did not find any correlation between the 
amplitude of the early systolic wave and the 
clinical or laboratory criteria indicative of the ex- 
tent of the stenosis of the mitral valve. 

Effect of Commissurotomy: Figure 3 is the post- 
commissurotomy BCG of the patient whose pre- 
operative tracing was seen in Figure 2. The dis- 
placement and velocity curves now show only 
respiratory fluctuation in the amplitude of the 
I wave. On the acceleration trace a slur of the 
HI stroke is the residuum of the previously seen 
early systolic wave. 


COMBINED MITRAL VALVULAR DISEASE 


All seven patients in group III had an “early 
systolic wave”’ in the velocity curve. Four were 
of medium amplitude (5 to 10 mm) and three 
were small (1 to 5 mm). 


All seven patients had an early systolic wave in 


i 

* 

oe 


v. F if 


Fig. 2. Mitral stenosis. 
larged acceleration complex (right). 
form of the individual complexes. 
headward force preceding the main IJK complex. 
other abnormal cardiac states. 


wave”’ preceding the main complex (between ,I, and 2I,). 


The direct-body BCG recorded in displacement, velocity, and acceleration (left). En- 
The displacement trace is grade II or III (Brown) with no specific alteration of 
The velocity trace is more repetitive and some of the complexes show a small 
This abnormality is identical with the ‘‘notched I wave” seen in 
The acceleration curve shows a distinct, clearly defined ‘“‘early systolic headward 
Note that the abnormality is of constant amplitude (about 


10 mm) even though the IJ, segment varies markedly from beat to beat. 
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Fig. 3. 
improved cardiac function that followed the correction of the anatomic defect is 


clearly seen if this trace is compared with Fig. 2 
The slurred HI, segment is the only residuum of the previously seen 


(Brown). 
10-mm “early systolic wave.” 


Lain 


Fig. 4. Combined mitral valvular disease. 


Mitral stenosis, postcommissurotomy (same patient as Fig. 2). The 


The BCG is now grade 0 or I 


The displacement curve is nor- 


mal. The injected ECG R wave has been permitted to remain on the velocity 
trace to illustrate this method of timing and identifying abnormal complexes. 
The acceleration curve clearly and constantly illustrates the abnormal “early 
systolic headward wave” and the deep notch in the JK, segment that charac- 
terizes combined mitral stenosis and mitral insufficiency. 


the acceleration curve (Fig. 4). Two were of 
three were me- 
dium (5 to10 mm); Of the 
seven patients, five had a well-defined notch in 
the JK, segment, one had a slur in the same 
position, and one had no JK, segment changes. 
In six patients the JK, segment time interval 
was increased, in three of them to as much as 
0.10 second. One patient (who had been re- 
cently digitalized) had a JK, time interval of 
0.04 second. 


large amplitude (over 10 mm); 
and two were small. 
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Discussion 

The BCG reflects the functional state of the 
cardiac vascular system. If used for this pri- 
mary purpose, all of the previously described 
BCG systems will give the same general informa- 
tion about the extremes of cardiac function. A 
normal, sound heart will yield a normal tracing 
whether taken in displacement, velocity, or ac- 
celeration or on a low-frequency or high-fre- 
quency bed system. In a like manner, a poorly 
functioning decompensated heart will give a 


E 


798 Ballistocardiogram in Mitral Valvular Disease 


chaotic BCG regardless of the method of meas- 
urement used. Between these extremes lies a 
zone where the physical characteristics of each of 
the BCG systems and the methods of recording 
will modify the ballistic information and alter the 
details of the individual BCG complex. 

It is known, for example, that slow forces such 
as respiration will dominate the traces from the 
low-frequency critically damped table and the 
direct-body displacement BCG unless they are 
filtered out or respiration is suspended. Yet 
they are not visible in curves taken on the Starr 
table or in the direct-body acceleration trace. 
In a like manner, high-frequency forces are 
clearly evident on the acceleration curve that are 
not visible in the displacement BCG. 

In this study, it was found that the early sys- 
tolic wave found in patients with mitral stenosis 
and the notch on the JK segment seen in patients 
with mitral insufficiency were sharper, clearer, 
and taller in amplitude when measured in the 
acceleration than they were in velocity, and were 
virtually absent on the displacement curve. We 
can therefore assume that these abnormalities 
are high-frequency phenomena that can only be 
seen if the BCG is taken on equipment sensitive 
to this range of forcing frequencies, and that the 
varying reports in the literature as to their ex- 
istence and amplitude are due to the difference 
in the physical characteristics of the various 
BCG systems used by the respective authors. 

Ballistocardiograph records can only demon- 
strate that a disturbed functioning of the heart is 
present; they cannot, of course, determine its 
cause. Similar derangements may have mark- 
edly differing etiologies. 
more of the abnormalities presented here in a 


We have found one or 


variety of pathologic cardiac states varying from 
bundle branch block and coronary artery disease 


to convalescent myocarditis. Therefore, the 
early systolic wave, the notch in the JK,, and the 
prolonged JK, segment time interval cannot be 
considered specific patterns for mitral stenosis 
and mitral insufficiency. Further evidence for 
the nonspecificity of these abnormalities of form 
is found in the fact that they often disappear when 


the patient is digitalized. 
CONCLUSIONS 


What appears evident from the study is that, 
with the specific qualifications stated at the on- 
set, it is possible to find a fairly consistent pat- 
tern on the acceleration BCG that distinguishes 
each of the three most important groups of mitral 
valvular pathology. ‘These are not specific pat- 
terns due to these defects of the mitral valve but 
are more probably related to asynchronous ap- 
plication of cardiac contractile force. There- 
fore, they can be viewed only as empiric pat- 
terns found in certain mechanical dysfunctions of 
the heart, including those due to mitral valvular 
disease. 
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The Ballistocardiogram in Congenital 


Heart Disease’ 


CHARLES B. HENDERSON, M.D., M.R.C.P. (LOND.) 


Newcastle-upon-Tyne, England 


WwW THE introduction of the techniques of 
cardiac catheterization angiocar- 
diography into the study of congenital heart 
disease, the ability both to diagnose more ac- 
curately the site or sites of the malformations and 
to assess the abnormal hemodynamics which 
accompany them has been made possible. In 
addition, as it is now possible to correct surgi- 
cally many of these defects, much interest is 
being shown in the circulatory changes which 
may follow the operations. Despite this in- 
creased interest, however, there have been few 
reports in the literature on the ballistocardio- 
gram in congenital heart disease, except with 
reference to coarctation of the aorta. 
Ballistocardiograms recorded in 134 cases of 
congenital heart disease investigated in the Car- 
diovascular Department of Newcastle General 
Hospital since 1954 have been compared with 
the clinical findings and with the results of car- 
diac catheterization. In 45 of these cases the 
ballistocardiograms have also been compared 
with the surgeon’s impressions of the lesions at 
operation and in 37 cases with the changes which 
It is the 
purpose of this report to describe the ballistic 


resulted from their surgical correction. 


abnormalities observed in these cases and to pre- 
sent evidence which suggests that although the 
ballistocardiogram has little or no place in the 
diagnosis of congenital heart disease, it neverthe- 
less frequently gives an indication of the severity 
of the abnormal circulatory dynamics which may 
be present. Reference will also be made to re- 
ports by previous observers. 


The presence, in many of the tracings in- 


spected, of two additional waves superimposed 
on the normal waves was noted. ‘These abnor- 
mal waves were similar both in form and position 
to those previously described in the ballistocar- 
diograms of patients with mitral stenosis and 
which were given the letters RI and RJ.' In 
order to facilitate the description of these abnor- 
mal waves seen in some forms of congenital 
heart disease the same letters RI and RJ will be 
used to describe them. The degree of abnor- 
mality of these waves will also be classified in the 
same five grades as described in mitral stenosis.! 
These abnormal waves with their grades of 
severity are illustrated and diagrammatically 
represented in Figure 2A to F. The solid arrows 
indicate the RI waves and the broken arrows 
the RJ waves. 
METHOD AND MATERIAI 

The diagnosis was made in each of the 134 patients 
with congenital heart disease in the Cardiovascular De- 
partment, Newcastle General Hospital, on the basis of 
clinical, electrocardiographic, and radiologic findings. 
The types of the malformations and the number of cases 
in each group are shown in Table I. In 127 cases con- 
firmation of the diagnosis was obtained by cardiac 
catheterization, at operation or at postmortem examina- 
tion. 

A high-frequency Starr-type ballistocardiograph was 
used in the investigation and the tracings were 
photographically recorded on a Tribeam electrocardio- 


graph. 
being adjusted so that a 1 cm displacement of the base 


Each record was standardized, the instrument 


line was produced by the application of a 280 g force 
to the platform. The electrocardiogram simultaneously 
recorded with the ballistocardiogram was taken from 
the right arm and left leg (lead 2) and the beginning of 
the first deflection of the QRS segment was utilized to 
time the waves of the ballistocardiogram. 


* From the Cardiovascular Department, Newcastle General Hospital, Newcastle-upon-Tyne, England. 
The work described in this paper was supported by a grant from the Newcastle-upon-Tyne Hospital Board’s Scien- 


tific and Medical Research Sub-Committee. 
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TABLE I 


Classification and Incidence of Malformations in 134 
Patients with Congenital Heart Disease 


| Num- | 
Diagnosis ber Male | 
of (years) | male | gery 
cases 
Coarctation 
of aorta 13 8—42 8 5 | 8 
Patent ductus 
arteriosus 30 4-48 17 3 i 2 
Atrial septal 
defect 34 5-77 13 21.| 4 
Pulmonary 
stenosis 19 5-23 14 5 | 4 
Ventricular 
septal defect 26 4-51 12 14 0 
Complete 
heart block 3 12-18 0 3 0 
Tetralogy of 
Fallot e 4-23 3 4 1 
Aortic stenosis 2 14-2 2 0 | 0 


TOTAL 134 69 65 45 


A ballistocardiogram was recorded in each patient 
the day prior to cardiac catheterization; the latter being 
performed by Dr. Frederic Jackson, Dr. J. G. Sloman 
or the author. A Southern Instrument Company 
electromanometer was used to record the pressures at 
the catheter tip. Blood samples for oxygen saturation 
determination were withdrawn from the venae cavae, 
right atrium, right ventricle, pulmonary artery, and fem- 
oral artery. Immediately following the catheteriza- 
tion the patient was transported by stretcher to the ballis- 
tocardiograph room where a second ballistocardiogram 
was recorded. As many of the patients were very 
young, it was necessary in some cases either to deeply 
sedate or give a general anesthetic during the cathe- 
terization and the subsequent recording of the ballisto- 
cardiogram. 

Forty-five of the patients investigated were thought to 
be suitable for surgical treatment and were referred to 
Mr. G. A. Mason in the Department of Thoracic Sur- 
gery, Shotley Bridge General Hospital. The operations 
were performed by Mr. Mason who noted the site and 
the size of the lesions and I have accepted his findings 
unconditionally. The operations performed were as 
follows: (1) In coarctation of the aorta the coarctation 
was excised and the aorta joined by end to end anasto- 
mosis. (2) In patent ductus arteriosus the duct was 
divided and sutured. (3) In atrial septal defect the 
defect was sutured under direct vision using hypo- 
thermia and with the circulation arrested. (4) In pul- 
monary stenosis, open pulmonary valvotomy was per- 


formed using hypothermia and with the circulation 
arrested. 


RESULTS 


COARCTATION OF THE AORTA 


The 13 cases of coarctation of the aorta in this 
series consisted of 10 uncomplicated and 3 
complicated by aortic valve lesions (2 stenosis 
and 1 incompetence). Eight patients were 
male and five were female, aged from 8 to 42 
years. 

Preoperative Findings: \n 8 of the 10 uncompli- 
cated cases, the ballistocardiograms showed the 
characteristic short K wave which has been pre- 
viously described?—* and which is illustrated in 
Fig. 1A. The tracings in the other two patients 
were normal as demonstrated by the example in 
Fig. 1D. The three patients with complicating 
aortic valve lesions showed short ballistic K 
waves (Fig. 1B) and in one of them—the patient 
with aortic incompetence—massive L and N 
waves were also seen (Fig. 1C). 

Postoperative Changes: The coarctation was 
excised in each of five uncomplicated cases, 
including one which had a normal ballisto- 
cardiogram, and in all three cases compli- 
cated by aortic valve lesions. Following opera- 
tion in the four uncomplicated patients who had 
short preoperative ballistic K waves, the ballisto- 
cardiograms became normal as illustrated by 
the example in Figure 1A;._ The ballistocardio- 
gram which was normal before operation was 
unchanged afterward (Fig. 1D and D)). 

There were, however, less striking changes 
following operation in the ballistocardiograms 
of the two patients with superadded aortic 
valve stenosis. The K waves remained short 
and the J waves of low amplitude, as illustrated 
by the records before and after operation in 
the patient D. S. (Fig. 1B and B;). 

There was an increase in the amplitude of the 
J waves following operation in the patient with 
aortic incompetence but the K waves remained 
shallow and the large L and N waves persisted 
(Fig. 1C,). 


PATENT DUCTUS ARTERIOSUS 


Of the 30 patients investigated with patent 
ductus arteriosus, 17 were male and 13 were 
female; their ages ranged from 4 to 48 years. 
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Simultaneous electro- 


Coarctation of aorta. 
cardiogram and ballistocardiogram taken from four 
patients before and after successful resection of coarcta- 
tion. A, B,C, and D are recorded before operation and 


Fig. 1. 


Ay, Bi, Ci, and D; after operation. (A) M. R., female, 
age 28 years, asymptomatic. Blood pressure in arms 
200/120; in legs 90/70. Absent femoral pulses. ECG 
is normal. Ballistic complexes show short K waves. At 
operation the coarctation measured 1 to 2 mm in inter- 
nal diameter. (A;) Same patient 4 weeks after opera- 
tion. Blood pressure, arms 140/85, legs 160/85. Good 
femoral pulses. ECG unchanged. The ballistic com- 
plexes show normal K waves and larger J waves. 
(B) D. S., male, age 15 years, asymptomatic. Blood 
pressure, in arms 160/130, inlegs 80/70. Absent femoral 
pulses. Aortic stenosis. ECG: gross left ventricular hy- 
pertrophy. The ballistic complexes show deep I waves, 
small J waves, and short K waves. At operation the co- 
arctation was complete. (B,) Same patient 5 weeks after 
operation. Blood pressure in arms 110/90, in legs 105/90. 
Good femoral pulses; signs of aortic stenosis. ECG 


Twenty-eight patients were submitted to opera- 
tion and in 20, ballistocardiograms were re- 
corded at intervals after operation. 

Preoperative Findings: The records obtained 
before operation from 20 of the 30 patients were 
normal in form as illustrated by the example 
A in Figure 2. The amplitude of the J waves 
was either normal or large; the latter finding 
being also described in patent ductus arteriosus 
by Rager.’ These patients had no symptoms 
and the electrocardiograms were normal or 
showed hypertrophy. 
The right ventricular and pulmonary artery 
pressures obtained during cardiac catheteriza- 
tion were normal, and the shunt of blood was 
from aorta into pulmonary artery in all of them. 

The ballistocardiograms in 10 patients how- 
ever were abnormal as illustrated by the tracings 
B to F in Figure 2. A typical complex in each 
tracing is also diagrammatically represented. 
The abnormal waves are given the letters RI 


early left ventricular 
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AGE 
unchanged. The ballistocardiogram is unchanged and 


remained so six months later. (C) F. G., male, age 22 
years, asymptomatic. Blood pressure, in arms 200/100, 
in legs 70/60. Absent femoral pulses. ECG: gross left 
ventricular hypertrophy. Aortic incompetence. The 
ballistic complexes show deep I waves, small J and 
short K waves, and large diastolic waves Land N. At 
operation the internal diameter of the coarctation was 
approximately 2-3 mm. (C,) Same patient 10 weeks 
after operation. Blood pressure in arms 140/60, in legs 
140/50. Good femoral pulses. ECG unchanged. Signs 
of aortic incompetence. The amplitude of the J wave 
is increased and the K wave is deeper than before opera- 
tion but is still short (see 3rd complex). (D) L.T., male, 
age 18 years, asymptomatic. Blood pressure in arms 
140/90, in legs 110/80. Small and delayed femoral 
pulses. ECG normal. Ballistocardiogram normal. The 
internal diameter of the coarctation was 0.5 cm. (Dy;) 
Same patient six weeks after operation. Blood pressure 
in arms 130/90, legs 145/90. Normal femoral pulses. 
ECG and ballistocardiogram normal. 


and RJ (as discussed) and are indicated 
in the diagrams (Fig. 2) by solid arrows (RI) 
and broken arrows (RJ). Depending on the 
relative distances below the base line of the 
nadirs of RI and the subsequent I waves the 
abnormality is graded from 1 to 5 (Fig. 2). 
The ballistocardiograms of eight patients showed 
grades 1 to 4 abnormalities and in four of these 
short K waves were also seen. ‘This group was 
either symptomless or had slight effort dyspnea 
and the electrocardiograms showed left ventric- 
ular hypertrophy. During cardiac catheteriza- 
tion varying degrees of pulmonary hypertension 
were found, but the shunt of blood was from 
aorta to pulmonary artery The 2 
patients whose ballistocardiograms showed grade 
5 abnormalities, tracing F in Figure 2 being an 
example, had effort dyspnea, right ventricular 
hypertrophy on the electrocardiogram, and 
severe pulmonary hypertension. In one of these 
patients the shunt of blood was mainly from 
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Figure 2 (see facing page for caption) 
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pulmonary artery into the aorta. The latter 
patients were not submitted for operation. 

An interesting finding in one of the patients 
is shown in Figure 2J. During catheterization 
of the right heart the electrocardiogram showed 
a left bundle branch block pattern where pre- 
viously no block had been present. The bal- 
listocardiogram was taken while the bundle 
branch block was present and a grade 2 ab- 
normality was seen. Six hours later the electro- 
cardiogram became normal but the grade 2 
ballistic abnormality persisted. 

Postoperative Changes: Following division and 
suture of the duct in 14 patients with normal 
preoperative ballistocardiograms, the tracings 
remained normal in contour and the amplitude 
of the J wave either remained unchanged (six 
patients) or diminished (eight patients). The 
ballistocardiograms, which operation 
were abnormal, showed a trend toward nor- 
mality following operation as demonstrated in 
the tracings I, I, and I. in Fig. 2, but in one 
case only was the tracing normal up to one year 
In a patient with 


before 


after operation (Fig. 2G). 
aortic incompetence complicating the patent 
ductus arteriosus the amplitude of the J wave 


Fig. 2. Patent ductus arteriosus. A, B, C, D, E, F, and J 
are simultaneous electrocardiograms and ballistocardio- 
grams recorded in patients with patent ductus arteriosus. 
A typical complex from each record is diagrammatically 
represented and the RI and RJ waves are indicated re- 
spectively by solid and broken arrows. Tracings G, H, 
and I are recorded before operation and Gi, Hi, and I; 
and I2 after. (A) A. R., male, age 15 years, asympto- 
matic. Blood pressure 110/60. ECG: early left ventric- 
ular hypertrophy. RV and PA mean pressures 9 and 
17 mm Hg, respectively. Ballistocardiographic com- 
plexes normal; large J waves. Wide ductus at operation. 
(B) F. S., female, age 13 years, asymptomatic. Blood 
pressure 110/60. ECG normal. RV and PA pressures 
25 and 34 mm Hg, respectively. Ballistic complexes show 
RI and RJ waves of grade 1 abnormality. The K wave 


isshort. Average-sized ductus at operation. (C) S.M., 
female, age 4 years, asymptomatic. Blood pressure 
110/60. ECG normal. RV and PA mean pressures 20 


and 27 mm Hg, respectively. Ballistocardiogram shows 
a grade 2 abnormality. Average-sized ductus at opera- 
tion. (D)R. G., male, 36 years, asymptomatic. Blood 
pressure 150/80. ECG: left ventricular hypertrophy. 
RV and PA mean pressures 20 and 45 mm Hg, respec- 
Ballistocardiogram shows grade 3 abnormality ; 
G and H waves are large. Large ductus at operation. 
(E) F. C., female, age 5 years, asymptomatic. Blood 
pressure 120/70. ECG: left ventricular hypertrophy. 
RV and PA mean pressures 25 and 40 mm Hg, respec- 


tively. 
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increased considerably after closure of the duct 
(tracings H and H; in Fig. 2). 


ATRIAL SEPTAL DEFECT 


Twenty-one of the 34 patients in this series 
with atrial septal defect were female and 13 
were male, aged from 5 to 77 years. The 
ballistocardiograms in eight were regarded as 
normal. In 26 cases, however, the tracings 
were Classified as abnormal, the abnormalities 
being as follows: (a) Large H waves seen 
mainly in the inspiratory complexes and shown 
in records A and B, Figure 3. As an isolated 
finding the large H wave, which in some patients 
almost equalled the J wave in height, was pres- 
ent in 12 cases. (b) Abnormal waves identical 
in position and appearance to the RI and RJ 
waves, described and illustrated in the previous 
section. Asan isolated finding this abnormality 
was present in six cases and is shown in the ex- 
amples C, G, and H in Figure 3. The ab- 
normalities (a) and (b) were seen in combination 
in a further 6 patients, Figure 3B being an ex- 
ample. (c) A deep G wave and small H wave, 
the summit of H extending little, if any, above 
the base line (Fig. 3D) was seen in two patients. 


tively. Ballistic complexes show grade 4 abnormality. 
Large ductus at operation. (F) J. G., female, age 11 
years. Intermittent cyanosis of legs. Blood pressure 
100/70. ECG: right ventricular hypertrophy. RV and 
PA mean pressures 40 and 80 mm Hg, respectively. 
Ballistic complexes show grade 5 abnormality and large 
L and N waves. Patient not submitted to operation. 
(G) W. C., male, age 19 years. Uncomplicated patent 
ductus. Complexes show grade 1 abnormality and large 
J waves. (G;) Same patient three months after opera- 
tion. Amplitude of ballistocardiogram smaller and con- 
tour normal. (H) D. W., male, age 15 years. Patent 
ductus complicated by aortic incompetence. Ballistic 
complexes grade 2. (H,) Same patient eight wecks after 
operation. Amplitude of J wave considerabiy increased 
and grade 1 RI and RJ wave abnormality present. Signs 
of free aortic incompetence. Blood pressure 145/40. (1) 
R. G., male, 36 years. PA mean pressure 40 mm Hg. 
Grade 4 ballistic abnormality and large diastolic waves. 
(I,) Same patient four weeks after operation. Grade 3 
ballistic abnormality. (I2) Same patient 1 year after 
operation. PA mean pressure 18 mmHg. Ballistic com- 
plexes show grade 1 abnormality. (J) R. H., female, age 
29 years, asymptomatic. Blood pressure 130/70. RV 
and PA mean pressures 14 and 26 mm Hg, respectively. 
The left bundle branch block in the electrocardiogram 
appeared during cardiac catheterization. The ballistic 
complexes show a grade 2 abnormality. Six hours later 
the ECG reverted to normal but the ballistic complexes 
continued to show a grade 2 abnormality. 
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Correlation with Catheterization Findings: The 
information obtained during cardiac catheter- 
ization showed that in the patients with normal 
ballistocardiograms or ballistocardiograms with 
large H waves as the only abnormality, there 
was little if any elevation of the right ventricular 
and pulmonary artery blood pressures even 
though the pulmonary blood flow was 2 to 3 
times the systemic flow. In the 14 patients 
in whom the ballistocardiograms showed the 
abnormalities (b) or (c) just described, the 
pressures in the right heart were elevated. 
The records C and D in Figure 3 were taken 
from 2 patients in whom the elevation of pres- 
sure in the right heart produced reversal of the 
shunt and clinical cyanosis. It is interesting 
to note that short K waves were present in 3 
patients as shown in the tracings A, D, and F 
in Figure 3. 


Fig. 3. Atrial septal defect. A, B, C, D, and E show 
the different types of ballistic abnormality seen in pa- 
tients with atrial septal defect. F,G, and H are records 
taken in three patients before closure of the septal de- 
fect and F,, G:, and H; are recorded after operation. 
The ECG in Figure H was inadvertently taken from 
right arm and right leg with polarity reversed, instead 
of from the usual right arm and left leg. (A) G. B., 
male, age 23 years, asymptomatic. Blood pressure 
120/75. ECG: right bundle branch block. RA, RV, 
and PA pressures were 8, 14, and 20 mm of Hg, re- 
spectively. The pulmonary blood flow was twice the 
systemic flow. The ballistic complexes show prominent 
H waves and shallow K waves. (B) J. T., male, age 32 
years. Slight effort dyspnea; blood pressure 130/70. 
ECG: right bundle branch block. RA, RV, and PA 
mean pressures 12, 24, and 33 mm Hg, respectively. 
Ballistocardiogram shows large G and H waves and a 
grade 2 RI and RJ wave abnormality. Postmortem 
examination one year later showed a secundum type of 
atrial septal defect measuring 6 X 3 cm. (C) J. M., 
male, age 39 years. Moderate effort dyspnea and 
intermittent cyanosis. ECG: biventricular hyper- 
trophy. RA, RV, and PA mean pressures 10, 36, and 
50 mm Hg, respectively. Ballistocardiogram shows a 
grade 4 abnormality. (D) B. C., female, age 5 years. 
Cyanosis on exertion. ECG: right ventricular hyper- 
trophy. RA, RV, and PA mean pressures 6, 45, and 
55 mm Hg, respectively. Ballistic complexes show a 
deep G wave, the summit of the H wave at or below the 
base line and a shallow K wave. (E) E. F., female, age 
40 years. Intermittent right heart failure. ECG: 
atrial fibrillation and right ventricular hypertrophy. 
RA, RV, and PA mean pressures, 16, 37, and 50 mm 
Hg, respectively. The ballistic complexes are large, 
and prominent RI and RJ waves are seen of grade 2 
degree of abnormality. Postmortem examination sub- 
sequently revealed an atrial septal defect 5 K 3 cm 
and the right superior pulmonary vein draining into the 
right atrium. (F) I. P., female, age 21 years. ECG: 


SORES FESS 


4 


PEE: 


incomplete right bundle branch block. RA, RV, and 
PA pressures 5, 16, and 18 mm Hg, respectively. Sys- 
temic flow 3.4 //min, pulmonary flow 7.2 //min. The 
ballistic complexes show a grade 1 abnormality. At 
operation the defect measured approximately 4 X 2 
cm. (F,) Same patient six weeks after operation. 
Pressures in right heart unchanged. Systemic flow 5 
t/min. Ballistocardiogram normal; the J wave is in- 
creased in size. (G) J. D., female, age 10 years. ECG: 
incomplete right bundle branch block. RA, RV, and 
PA mean pressures 7, 26, and 24 mm Hg, respectively. 
Systemic blood flow 3.8 //min; pulmonary blood flow 
10 //min. The ballistic complexes show a grade 2 
abnormality. The defect measured approximately 5 X 
2cm. (G,) Same patient three months after operation. 
Ballistocardiogram normal; the J wave has increased 
in size. Patient not catheterized after operation. 
(H) T. H., female, age four years. ECG: right ven- 
tricular hypertrophy. RA, RV, and PA pressures 8, 28, 
and 32 mm Hg, respectively. Systemic flow 3.2 //min; 
pulmonary flow 5.8 //min. Grade 4 abnormality seen 
in 2nd complex. (H:) Same patient three months after 
operation. RA, RV, and PA pressures now 4, 22, and 
30 mm Hg, respectively. Systemic and pulmonary 
blood flow 4.4 //min. The ballistocardiogram is un- 
changed. 
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Fig. 4. Pure pulmonary stenosis. (A) shows a simul- 
taneous recording of electrocardiogram and _ballisto- 
cardiogram and (B) of electrocardiogram, ballisto- 
cardiogram, and right atrial pressure curve in a patient 
with pulmonary stenosis whose ballistic complexes show 
large H waves. (D) is a record of ECG, ballistocardio- 
gram and right atrial pressure tracing in a patient with 
prominent F waves. (E) and (F) are recorded before 
pulmonary valvotomy and (E;) and (F;), following 
operation in two patients. (A) T. L., male, age 22 


years. ECG: right ventricular hypertrophy. RV pres- 
sure 120/5; PA pressure 25/14. Cardiac output 4.6 
l/min. Large ballistic H waves; record taken when 


patient awake. (B) Same patient when asleep. The 
amplitude is smaller, including the H wave, and a grade 
4 RI and RJ wave abnormality is now seen. The head- 
ward deflection of the H wave is synchronous with the x 
descent of the atrial pressure trace. (C) J. B., male, 
years. Infundibular stenosis. ECG: severe 
right ventricular hypertrophy. RV pressure 150/10, 
PA pressure 25/10. The ballistocardiogram shows 
prominent F and G waves. The summit of the H 
wave in the first and second complexes is below the base 
line. (D)R.M., male, age 23 years. Valvular stenosis. 
ECG: severe right ventricular hypertrophy. RV pres- 
sure 125/0, PA pressure 10/6. The headward deflec- 
tion of the F wave is synchronous with the ascent of the 
right atrial a wave, and the H wave is synchronous with 
the x descent of the right atrial pressure trace. (E) J. T., 
Valvular stenosis. ECG: severe right 
ventricular hypertrophy. RV _ pressure 150/5; PA 
pressure 18/10. Cardiac output 4.8 //min. The bal- 
listocardiogram shows prominent G and H waves and a 
grade 4 RI and RJ wave abnormality. At operation 
the stenosis was 0.5 cm in diameter. (E;) Same patient 
three months after pulmonary valvotomy. RV pres- 
sure 100/5. PA pressure 22/14. Cardiac output 4.6 


age 21 


age 23 years. 
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The heart rhythm in 3 patients with atrial 
septal defect was atrial fibrillation and the 
ballistocardiograms in these cases showed the 
abnormal RI and RJ waves. The tracing E in 
Figure 3 shows this to a marked degree. 

Postoperative Changes: Four patients had bal- 
listocardiograms recorded after surgical closure 
of the defect. An increase in the amplitude of 
the J wave was the only change in the tracing 
of a patient with a normal preoperative ballisto- 
cardiogram. ‘Tracings F, F:, and G, G, in 
Figure 3 show the improvement in form and 
amplitude following operation in 2 patients. 
There was no improvement in ballistic form or 
amplitude in the fourth patient after operation 
as shown by the records H and H; in Figure 3. 


PURE PULMONARY STENOSIS 


This group consisted of 19 patients of whom 
14 were male and 5 female, aged from 5 to 23 
years. The stenosis was valvular in 15 and 
infundibular in 4 patients. Of the four patients 
submitted for operation 3 had valvular and 1 
infundibular stenosis. 

Findings Correlated with Pressure Gradient: The 
ballistocardiograms were normal in eight pa- 
tients and the maximum pressure gradient across 
the pulmonary valve was 22 mm Hg. The 
only abnormality present in the tracings of a 
further two patients was small RI and RJ 
waves superimposed on an H wave of normal 
amplitude, giving a grade 1 abnormality 
shown in Figure 4F. The maximum pressure 
gradient across the pulmonary valve in these 2 
cases was 60 mm Hg. 

Much larger pressure gradients across the 
valve were found during cardiac catheterization 
in the remaining nine patients in this group 
and ranged from 85 mm to 175 mm Hg. The 
ballistic changes seen in these patients were; 
(a) A large H wave of the type seen in tracing A, 
Figure 4, present in 4 cases. (b) RI and RJ 


l/min. The ballistocardiogram continues to show large 
G and H waves and the J wave is increased in size. 
(F) E. C., female, age 16 years. ECG: right ventricular 
hypertrophy. RV pressure 85/0, PA pressure 25/10. 
Cardiac output 4.6 //min. The ballistocardiogram 
shows a grade 1 abnormality of RI and RJ waves. At 
operation the diameter of the stenosed orifice was ap- 
proximately 0.75 cm. (F;:) Same patient 3 weeks after 
operation. RV pressure 40/0, PA pressure 28/10. 
Cardiac output 5 //min. Ballistocardiogram normal. 
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waves of grades 3 to 4 severity (Fig. 4E) seen 
in two patients, and (c) a deep G wave preceding 
a small H wave, the summit of the latter ex- 
tending little if any above the base line. This 
abnormality was seen in three patients and is 
illustrated by tracing C In the 
latter three patients in addition to the abnormal- 


in Figure 4. 


ity just described, there was also seen a promi- 
nent headward wave immediately preceding the 
G wave and which is indicated by the letter F 
in tracings C and D in Figure 4. This F wave 
was not seen in the tracings of any other patients 
with congenital heart disease in this series. 

Findings Correlated with Right Atrial Pressure: 
In an attempt to establish a time relation be- 
tween the large H and F waves in the ballisto- 
cardiograms of some patients with pulmonary 
stenosis and the pressure changes in the right 
atrium, right atrial pressure tracings were re- 
corded simultaneously with the ballistocardio- 
gram and electrocardiogram in two patients 
showing these ballistic abnormalities, using a 
technique Figure 4A 
shows the large H waves in the ballistocardio- 


previously described.! 


grams of patient T. L. when he was fully awake. 
Figure 4B recorded in the same patient when 
asleep shows the initial headward deflection of 
the H wave to be synchronous with the x descent 
When 


pressure tracing. 


of the right atrial 


ballistocardiograms A and B in Figure 3 are 
compared it is seen that the much smaller H 
wave in B is accompanied by RI and RJ waves 
of a grade 4 degree of abnormality which were 
not seen in Figure A. Simultaneously recorded 
right atrial pressure tracing and _ ballistocardio- 
gram in a patient with prominent F waves 
showed the beginning of this wave to occur at 
the time of the ascent of the right atrial a 
wave (Fig. 4D). 
Postoperative Changes: 
monary valvotomy in three cases and infundib- 


Following open pul- 


ular resection in one case, the ballistocardio- 
graphic complexes showed increased amplitude 
and a more normal contour, as illustrated by 
tracings F and F, in Figure 4. In three of these 
patients the gradient across the pulmonary 
valve was almost abolished after operation. 
In patient J. T. (Fig. 4E and E;), however, 
the gradient across the pulmonary valve was 
78 mm of Hg following operation and the bal- 
listocardiogram continued to show large G 
and H waves. 
VENTRICULAR SEPTAL DEFECT 

There were 26 patients with isolated ventricu- 
lar septal defect of whom 14 were females and 
12 were males; their ages ranged from 4 to 51 


years. 


Simultaneous electrocardiogram and ballistocardiogram in four patients with 
(A) R. B., male, age 8 years. Normal electrocardiogram and normal right heart pres- 
(B) M. G., female, age 8 years. Normal electrocardiogram. RV pressure 

Ballistic complexes show grade 1 RI and RJ wave abnormality. (C) C. D., 
ECG: right ventricular hypertrophy. RV pressure 110/10 mm and 
(D) J. R., male, age 34 years. Cyanosis for many years. 
Grade 4 ballistic abnormality ; 


Fig. 5. 
ventricular septal defect. 
sures. Normal ballistocardiogram. 
50/0 mm, PA pressure 50/30 mm Hg. 
female, age 8 years. Cyanosis on exertion. 
PA pressure 95/60 mm Hg. Ballistic abnormality grade 2. 
ECG: severe RV hypertrophy. RV pressure 140/10. PA pressure 130/75 mm Hg. 
prominent diastolic waves. 


Ventricular septal defect. 
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Fig. 6. Complete heart block. 
in the same patient. 


female, age 17 years. 


(C) shows in addition a pulmonary artery pressure tracing (middle). 
Auricular rate 130, ventricular rate 48 per minute. 


(A) and (B) are electrocardiograms and ballistocardiograms recorded simultaneously 


I. H., 
In the 


(A) and (B). 
Normal right heart pressures. 


first complex in (A) and second complex in (B), the H wave is normal and the electrocardiographic P-Q interval is 


normal. 


The second QRS complex in (A) and the first in (B) are not immediately preceded by a P wave and the 


ballistocardiogram shows small footward and headward deflections similar in position and form to the RI and RJ 


waves described in previous sections. 


(C) The same patient. 


The abnormal waves RI and RJ are seen to be closely 


related to the beginning of the pulmonary artery pressure rise. 


The ballistocardiograms of 11 were normal 
(Fig. 5A) or showed small RI and RJ waves of 
The right 
pressures 


grade 1 degree of severity (Fig. 5B). 


ventricular and pulmonary artery 
were normal or near normal in this group. 
In the remaining 15 cases, however, the ballisto- 


showed RI and RJ 
grades 2 to 4 degree of abnormality (Fig. 5C and 


cardiograms waves of 
D) and right ventricular and pulmonary artery 
pressures were elevated in all. Clinical cyanosis 
due to reversal of the shunt was present in three 
cases, two of which also showed prominent bal- 
listic N waves (Fig. 5D). 

No patient in this series had surgical treat- 


ment. 


CONGENITAL COMPLETE HEART BLOCK 


Three female patients in this series aged from 
12 to 18 years, had complete heart block. 
There was no clinical evidence of other cardio- 
vascular anomalies in any of them and in one 
patient submitted to cardiac catheterization 
there was no evidence of abnormal hemody- 
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namics in the right heart or of intracardiac 
Two features worthy of note were 
present in the ballistocardiograms of two of the 
patients and are illustrated by the tracings of 
case L. H. in Figure 6A and B. They are as 
follows: 

(a) When a P wave of the electrocardiogram 
preceded a QRS complex by a normal interval 
(the first complex in Figure 6A and the second 
in 6B), the ballistic H wave was normal in form 
and in amplitude. 

(b) When, however, the QRS complex of the 
electrocardiogram was not preceded as nor- 
mally by a P wave the typical H wave was not 
seen, and instead there was a small footward de- 
flection followed by a headward deflection im- 
mediately preceding the I wave (Fig. 6A second 
complex and 6B first complex). The footward 
vave commenced 0.06 to 0.08 second after the 
QRS complex of the electrocardiogram. These 
additional waves are comparable in position 
and form to the RI and RJ waves described pre- 
viously in the ballistocardiograms of patients 


shunts. 
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with mitral stenosis! and also described in this 
paper as a grade 1 abnormality. Figure 6C 
shows that these additional waves are closely 
related to the beginning of right ventricular 
ejection. 


TETRALOGY OF FALLOT 


Ballistocardiograms were recorded in seven 
patients with tetralogy of Fallot. The tracings 
of five of these showed the abnormal waves RI 
and RJ and two showed large H waves. After 
open pulmonary valvotomy in one case the bal- 
listocardiogram was unchanged. 


AORTIC STENOSIS 


There were two male patients aged 14 and 21 
years in this group and neither had operative 
treatment. The stenosis in the younger patient 
was not Clinically severe, there being no cardiac 
enlargement or electrocardiographic abnor- 
mality and the ballistocardiogram was normal 
inform and amplitude. Inthe elder patient the 
stenosis was clinically severe, as indicated by 
x-ray and electrocardiographic evidence of 
left ventricular enlargement. The ballistic 
complexes were small and the K waves were 
shallow, similar to those seen in the tracing B, 
in Figure 1 of the patient with aortic stenosis 


following resection of a coarctation of the aorta. 


COMMENTS 


In a study of 90 patients with congenital heart 
disease, Donoso and his co-workers*® found that 
in 37 per cent (33 patients) the ballistocardio- 
grams were normal. Analysis of the data ob- 
tained in this investigation also showed that the 
tracings of 37 per cent (50 patients) of the 134 
patients were normal in form and that the pres- 
sures obtained during cardiac catheterization in 
these cases were normal. Moreover, normal 
ballistocardiograms were not infrequently ob- 
tained in patients with such electrocardiographic 
abnormalities as left ventricular hypertrophy 
and incomplete right bundle branch block. 

It was found to be convenient to describe the 
abnormalities most commonly seen in the re- 
maining 84 patients under three main headings, 
depending on the segment of the ballistic com- 
plex involved in the abnormality: (a) large G or 
H waves; (b) RI and RJ waves of grade 1 to 


5 abnormality (see Fig. 2); and (c) short K 
waves. In some tracings two of these abnor- 
malities were present together. When the ab- 
normal tracings were compared with the clini- 
cal data, it was evident that while no abnormal.- 
ity was specific to any congenital anomaly, nev- 
ertheless certain hemodynamic states were 
frequently associated with the abnormal waves. 

Large G or H Waves: Abnormally large G or 
H waves were most commonly seen in the 
tracings of patients whose right atrial activity 
was greatly increased, the overactivity being 
the result either of an increased volume of blood 
flow through the right atrium as in atrial septal 
defect (Fig. 3A and B) or of an elevation of the 
right ventricular end-diastolic pressure as in 
pulmonary stenosis (Fig. 4A) and tetralogy of 
Fallot. A prominent G wave in the ballisto- 
cardiograms of three patients with severe pul- 
monary stenosis was preceded by a prominent 
F wave (Fig. 4C), the latter being clinically 
associated with a large jugular venous a wave. 
In one patient, the F wave was also seen to be 
synchronous with the upstroke of the right atrial 
a wave (Fig. 4D). 

Abnormal RI and RJ Waves: ‘The abnormal 
waves RI and RJ (see Fig. 2) were almost 
invariably associated either with right ven- 
tricular and pulmonary artery hypertension 
secondary to patent ductus arteriosus (Fig. 2B 
to F), atrial septal defect (Fig. 3C, E,G, and H) 
and ventricular septal defect (Fig. 5B to D) or to 
right ventricular hypertension secondary to 
pure pulmonary stenosis (Fig. 4B, D, E, and F) 
and tetralogy of Fallot. 

In a previous communication! it was shown 
that the RI and RJ waves seen frequently in the 
ballistocardiograms of patients with mitral 
stenosis and pulmonary hypertension 
closely related in time to the onset of right ven- 
tricular ejection. It was suggested that the RI 
wave was caused by the footward recoil of the 
body resulting from right ventricular ejection 
and the RJ wave by the headward impact of 
the ejected blood striking the curve and bifur- 
cation of the pulmonary artery. This could 
well apply to the RI and RJ waves present in 
the ballistocardiograms of patients with patent 
ductus arteriosus and atrial or ventricular septal 
defect with pulmonary hypertension. That it 


were 
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could account for the presence of these waves in 
four patients with pulmonary stenosis in this 
series is, however, not so likely. 

Short K The presence ef short K 


waves in the tracings of the majority of patients 


Waves: 


in this series with coarctation of the aorta was 
in keeping with the observation of this associa- 
tion first made by Hamilton’? and subsequently 
made by others.*~‘ Hamilton related the ab- 
normal K wave to a small pulse pressure in the 
The short K 


wave observed in cases of aortic stenosis’:? has 


aorta distal to the coarctation. 


also been related to the abnormally small aortic 
pulse pressure frequently present in this condi- 
tion. 

A study of the ballistocardiograms recorded in 
this department, however, showed that in some 
patients with clinically normal peripheral arte- 
rial pulsation, the tracings showed shallow K 
waves indistinguishable from those seen in co- 
arctation of the aorta. This was most obvious 
in four patients with patent ductus arteriosus and 
in three patients with atrial septal defect. Ex- 
amples of tracings showing the abnormality in 
these conditions are illustrated in Figure 2B and 
H and Figure 3A, D, and F. The presence of 
normal pulsation in the peripheral vessels in two 
of these patients with patent ductus arteriosus 
was confirmed during cardiac catheterization by 
obtaining normal pressure tracings from the ex- 
ternal iliac arteries, the catheter tip having 
passed from the left pulmonary artery through 
the ductus and down the descending aorta. 
Donoso and his colleagues* and Bixby'® also de- 
scribed short K waves in the tracings of patients 
On the other 
hand been described 
in patients with greatly diminished peripheral 
pulsation, as in the two patients with coarcta- 


with patent ductus arteriosus. 
normal K waves have 


tion of the aorta in this series and in simi- 
lar cases described by Dock and his co-workers"! 
and by Rager.’ This would suggest that factors 
other than a diminished aortic impulse wave 
may play a part in the production of the shallow 
K waves in the cases described above. 

Effects of Surgical Correction of Lesions: Follow- 
ing operation there was a marked alteration in 
the amplitude of the ballistic complexes in many 
of the patients, examples of which are shown in 
Figure 1A, Ai, and C, Ci, in Figure 2G, Gi, and 
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H, H, and in Figure 4E, E;, and F, F;. Cardiac 
output determinations were made (by the Fick 
method) in only a few of these patients before 
and after operative treatment and there was no 
constant relationship between changes in the 
IJ amplitude and the changes in left ventricular 
stroke volume. This is in keeping with the ob- 
servation made by Murphy’® in two cases of co- 
arctation of the aorta. 
form of the ballistocardiograms which occurred 
after operation was, however, associated with 
an improvement in the cardiac dynamics as as- 
sessed by cardiac catheterization and a predic- 
tion of such an improvement was successfully 
made in some cases by comparing the ballisto- 
cardiograms recorded before and after operation. 

The available evidence therefore suggests 
that the ballistocardiogram, as an isolated find- 
ing, is of no value in the diagnosis of congenital 
heart disease, but when examined in conjunc- 
tion with the clinical findings it frequently 
gives an indication of the severity of the ab- 


The improvement in 


normal hemodynamics present. 


SUMMARY 


(1) The ballistocardiograms of 50 out of 134 
patients with congenital heart disease investi- 
gated were normal in form and the pressures 
in the right heart and pulmonary artery were 
within normal limits. 

(2) The most common abnormalities of bal- 
listic form seen in the remaining 84 patients are 
described and related to the cardiac catheteriza- 
tion findings. 

(3) Forty-five patients were operated upon 
and in 37, ballistocardiograms were recorded af- 
ter operation. 

(4) Following surgical correction of the anom- 
alies, the ballistic changes included an altera- 
tion in the IJ amplitude which was not con- 
stantly related to a change in left ventricular 
stroke volume; and an improvement in form of 
the complexes which was usually associated with 
improvement in the hemodynamic state. 

(5) The evidence obtained during the inves- 
tigation indicates that as an isolated test, the 
ballistocardiogram is of no value in the diagnosis 
of congenital heart disease, but it frequently 
gives an indication of the severity of the abnor- 
mal hemodynamics present. 
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Historical Milestones 


William Cullen on Dropsy, Anasarca, and 


Hydrothorax | 


SAUL JARCHO, M.D. 


New York, New York 


_ Cullen (1712-1790), the friendly 
and sympathetic Scot, was an eminent 
medical teacher—one of the greatest in the 
eighteenth century—and the author of out- 
standing texts on clinical medicine. After 
instructing at the new school of medicine at 
Glasgow he became associated with the uni- 
versity at Edinburgh, where he held professor- 
ships of chemistry and medicine. Since Edin- 
burgh at this time was a principal center of 
attraction for American students, Cullen came 
to exert an important influence on the develop- 
ment of the art in the new country. This 
influence was strengthened by Cullen’s kindness 
and hospitality, and by his friendship with Ben- 


jamin Franklin. By the time his career ended 


Cullen could number among his alumni such 
distinguished American physicians as John Mor- 
gan, William Shippen, Jr., Benjamin Rush, Cas- 
par Wistar, James McClurg, and Samuel Bard. 

As might be expected, Cullen’s name appears 
frequently in the medical and scientific corre- 
spondence of the period. Thus, on May 1, 
1773 Benjamin Rush in Philadelphia wrote to 
Benjamin Franklin in London:' Dr. 
Cullen’s late ingenious arrangement of diseases 
[Synopsis Nosologiae Medicae, 1769] he speaks of 
a great many catarrhs or colds from contagion 
but includes with these one species a frigore. . . 
[ have found shallop men and sailors in this 
city more subject to intermitting fever, but much 
less to colds, than any other people. . .” 

To this epidemiologic observation the om- 
niscient Dr. Franklin replied as follows:? ‘‘I 
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have not seen Dr. Cullen’s book, but am glad 
to hear that he speaks of catarrhs or colds by 
contagion. I have long been satisfied from 
observation, that besides the general colds now 
termed influenzas (which may possibly spread 
by contagion, as well as by a particular quality 
of the air), people also catch cold from one 
another when shut up together in close rooms, 
coaches, &c., and when sitting near and con- 
versing so as to breathe in each other’s trans- 
As to Dr. Cullen’s cold or catarrh 
a frigore, 1 question whether such an one ever 
existed. Travelling in our severe winters, I 
have suffered cold sometimes to an extremity 
only short of freezing, but this did not make me 
catch cold...” 

Although Cullen’s writings are generally 
regarded as unoriginal, they are prized because 
they are clear systematic summaries of the state 
of medical knowledge at the time and because 
they show what was taught in the best university 
circles. For American readers they are addi- 
tionally significant because they portray the 
opinions which leading American physicians 
carried home from their studies in Edinburgh. 

The excerpts which follow have been taken 
from Cullen’s famous textbook First Lines of the 
Practice of Physic, Fourth Edition, Corrected 
and Enlarged, Edinburgh, C. Elliott, 1784. 
The copy from which the excerpts have been 
transcribed was purchased in 1957 from The 
Argosy Book Stores in New York. The fly- 
leaves and title-pages of the four volumes bear 
the signatures of several previous owners, in- 
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cluding that of Dr. Hugh H. McGuire of Vir- 
ginia, father of the famous Confederate sur- 
gical officer Hunter McGuire, and also the 
initials and ownership stamp of a twentieth- 
century physician distinguished alike for his 
contributions to pathology and to the history of 


medicine. 
EXCERPTS FROM CULLEN 
x 
Or WATERY SWELLINGS, OR DROPSIES 


MDCXLV. A 
serous or watery fluids, is often formed in dif- 
ferent parts of the human body; and although 
the disease then arising be distinguished accord- 


preternatural collection of 


ing to the different parts which it occupies, yet 
the whole of such collections come under the 
general appellation of Dropsies. At the same 
time, although the particular instances of such 
collection are to be distinguished from each 
other according to the parts they occupy, as 
well as by other circumstances attending them; 
yet all of them seem to depend upon some 
general causes, very much in common to the 
whole. Before proceeding, therefore, to con- 
sider the several species, it may be proper to 


endeavour to assign the general causes of dropsy. 


MDCXLVI. 


or watery fluid seems to be constantly poured 


In persons in health, a serous 


out, or exhaled in vapour, into every cavity 
and interstice of the human body capable of 
receiving it; and the same fluid, without re- 
maining long or being accumulated in these 
spaces, seems constantly to be soon again ab- 
sorbed from thence by vessels adapted to the 
purpose. From this view of the animal oecon- 
omy, it will be obvious, that if the quantity 
poured out into any space, happens to be 
greater than the absorbents can at the same time 
take up, an unusual accumulation of serous 
fluid will be made in such parts; or though the 
quantity poured out, be not more than usual, 
yet if the absorption be anywise interrupted or 
diminished, from this cause also an unusual 
collection of fluids may be occasioned. 

Thus, in general, dropsy may be imputed to 
an increased effusion, or to a diminished ab- 
sorption; and I therefore proceed to enquire 
into the several causes of these. 


increased 


MDCXLVII. An 


happen either from a preternatural increase of 


effusion may 


the ordinary exhalation, or from the rupture 
of vessels carrying, or of sacs containing, serous 
or watery fluids. 


MDCXLVIII. The ordinary exhalation may 
be increased by various causes, and particu. 
larly by an interruption given to the free re. 
turn of the venous blood from the extreme 
vessels of the body to the right ventricle of the 
heart. ‘This interruption seems to operate by 
resisting the free passage of the blood from the 
arteries into the veins, thereby increasing the 
force of the arterial fluids in the exhalants, and 
consequently the quantity of fluid which they 


pour out. 


MDCXIIX. 


return of the venous blood from the extreme 


The interruption of the free 


vessels, may be owing to certain circumstances 
affecting the course of the venous blood; very 
frequently, to certain conditions in the right 
ventricle of the heart itself, preventing it from 
receiving the usual quantity of blood from the 
vena cava; or to obstructions in the vessels of 
the lungs preventing the entire evacuation of 
the right ventricle, and thereby hindering its 
receiving the usual quantity of blood from the 
cava. Thus, a polypus in the right ventricle 
of the heart, and the ossification of its valves, as 
well as all considerable and permanent ob- 
structions of the lungs, have been found to be 


causes of dropsy. 


MDCL. 


the operation of these general causes, to remark, 


It may serve as an illustration of 


that the return of the venous blood is in some 
measure resisted when the posture of the body 
is such as gives occasion to the gravity of the 
blood to oppose the motion of it in the veins, 
which takes effect when the force of the cir- 
culation is weak; and from whence it is that 
an upright posture of the body produces or 
increases serous swellings in the lower ex- 
tremities. 


MDCLI. Not only, those causes interrupt- 
ing the motion of the venous blood more gen- 
erally, but, farther the interruption of it in 
particular veins, may likewise have the effect 
of increasing exhalation, and producing dropsy. 
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The most remarkable instance of this is, when 
considerable obstructions of the liver prevent 
the blood from flowing freely into it from the 
vena portarum and its numerous branches; 
and hence these obstructions are a frequent 


cause of dropsy. 


MDCLII.  Scirrhosities of the spleen and 
other viscera, as well as the scirrhosity of the 
liver, have been considered as causes of dropsy; 
but the manner in which they can produce the 
disease, I do not perceive, except it may be, 
where they happen to be near some considerable 
vein, by the compression of which they may 
occasion some degree of ascites; or, by com- 
pressing the vena cava, may produce an an- 
asarca of the lower extremities. It is indeed 
true, that scirrhosities of the spleen and other 
viscera, have been frequently discovered in the 
bodies of hydropic persons: but I believe they 
have been seldom found unless when scirrhos- 
ities of the liver were also present; and I am 
inclined to think, that the former have been the 
effects of the latter, rather than the cause of the 
dropsy: or that, if scirrhosities of the other 
viscera have appeared in hydropic bodies when 
that of the liver was not present, they must have 
been the effects of some of those causes of dropsy 
to be hereafter mentioned; and consequently 
to be the accidental attendants, rather than the 
causes, of such dropsies. 


MDCLIII. Even in smaller portions of the 
venous system, the interruption of the motion of 
the blood in particular veins has had the same 
effect. Thus, a polypus formed in the cavity of 
a vein, or tumours formed in its coats, prevent- 
ing the free passage of the blood through it, 
have had the effect of producing dropsy in 
parts towards the extremity of such veins. 


MDCLIV. But the cause most frequently 
interrupting the motion of the blood through 
the veins is, the compression of tumours exist- 
ing near to them; such as aneurisms in the 
arteries, abscesses, and scirrhous or steatomatous 
tumours in the adjoining parts. 

To this head, may be referred, the compression 
of the descending cava by the bulk of the uterus 
in pregnant women, and the compression of 
the same by the bulk of water in the ascites; 
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both of which compressions frequently pro- 
duce serous swellings in the lower extremities. 

MDCLV. It may be supposed, that a gen- 
eral preternatural plethora of the venous 
system may have the effect of increasing ex- 
halation; and that this plethora may happen 
from the suppression of the fluxes, or evacua- 
tions of blood, which had for some time taken 
place in the body, such as the menstrual and 
hemorrhoidal fluxes. A dropsy, however, from 
such a cause, has been at least a rare occur- 
rence; and when it seems to have happened, 
I should suppose it owing to the same causes as 
the suppression itself, rather than to the ple- 
thora produced by it. 


MDCLVI. One of the most frequent causes 
of an increased exhalation, | apprehend to be 
the laxity of the exhalant vessels. That such 
a cause may operate, appears probable from 
this, that paralytic limbs, in which such a laxity 
is to be suspected, are frequently affected with 
serous, or, as they are called, oedematous 
swellings. 

But a much more remarkable and frequent 
example of its operation occurs in the case of a 
general debility of the system, which is so often 
attended with dropsy. That a general de- 
bility does induce dropsy, appears sufficiently 
from its being so commonly the consequence of 
powerfully debilitating causes; such as fevers, 
either of the continued or intermittent kind, 
which have lasted long; long-continued and 
somewhat excessive evacuations of any kind; and 
in short, almost all diseases that have been of long 
continuance, and have at the same time in- 
duced the other symptoms of a general debility. 

Among other causes inducing a_ general 
debility of the system, and thereby dropsy, there 
is one to be mentioned as frequently occurring, 
and that is, intemperance in the use of intoxi- 
cating liquors; from whence it is that drunkards 
of all kinds, and especially dram-drinkers, are 
so affected with this disease. 


MDCLVII. That a general debility may 
produce a laxity of the exhalants, will be readily 
allowed; and that by this especially it occasions 
dropsy, I judge from hence, that while most of 
the causes already mentioned are suited to pro- 
duce dropsies of particular parts only, the 
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state of general debility gives rise to an in- 
creased exhalation into every cavity and in- 
terstice of the body, and therefore brings on a 
general disease. Thus, we have seen effusions 
of a serous fluid made, at the same time, into 
the cavity of the cranium, into that of the thorax 
and of the abdomen, and likewise into the cel- 
lular texture almost over the whole of the body. 
In such cases, the operation of a general cause 
discovered itself, by these several dropsies in- 
creasing in one part as they diminished in 
another, and this alternately in the different 
parts. This combination, therefore, of dif- 
ferent species of dropsy, or rather as it may be 
termed, this universal dropsy, must, I think, 
be referred to a general cause; and in most 
instances, hardly any other can be thought of, 
but a general laxity of the exhalants. It is 
this, therefore, that I call the hydropic diathesis; 
which frequently operates by itself; and 
frequently, in some measure, concurring with 
other causes, is especially that which gives them 
their full effect. 

This state of the system, in its first appearance, 
seems to be what has been considered as a par- 
ticular disease under the name of Cachexy; but 
in every instance of it that has occurred to me, 
I have always considered, and have always 
found it, to be the beginning of general dropsy. 


MDCLVIII. The several causes of dropsy 
mentioned may produce the disease, altho’ 
there be no preternatural abundance of serous 
or watery fluids in the blood-vessels; but it 
is now to be remarked, that a preternatural 
abundance of the kind may often give occasion 
to the disease, and more especially when such 
abundance concurs with the causes above enu- 
merated. 

One cause of such preternatural abundance 
may be an unusual quantity of water taken into 
the body. Thus an unusual quantity of water, 
taken in by drinking, has sometimes occasioned 
a dropsy. Large quantities of water, it is true, 
are upon occasions taken in; and being as 


readily thrown out again by stool, urine, or 
perspiration, have not produced any disease. 
But it is also certain, that upon some occasions, 
an unusual quantity of watery liquors taken in 
has run off by the several internal exhalants, 


and produced a dropsy. This seems to have 
happened, either from the excretories not being 
fitted to throw out the fluid so fast as it had been 
taken in, or from the excretories having beep 
obstructed by accidentally concurring causes, 
Accordingly it is said, that the sudden taking 
in of a large quantity of very cold water, has 
produced dropsy probably from the cold 
producing a constriction of the excretories. 

The proportion of watery fluid in the blood 
may be increased, not only by the taking in a 
large quantity of water by drinking, as now 
mentioned, but it is possible that it may be 
increased also by water taken in from the at- 
mosphere by the skin in an absorbing or im- 
bibing state. It is well known, that the skin 
may be, at least, occasionally in such a state; 
and it is probable, that in many cases of begin- 
ning dropsy, when the circulation of the blood 
on the surface of the body is very languid, that 
the skin may be changed from a perspiring, to 
an imbibing, state; and thus, at least, the 
disease may be very much increased. 


MDXCLIX [sic]. A second cause of a 
preternatural abundance of watery fluids in 
the blood-vessels, may be, an interruption of the 
ordinary watery excretions; and accordingly 
it is alleged, that persons much exposed to a 
cold and moist air are liable to dropsy. It is 
also said, that an interruption, or considerable 
diminution, of the urinary secretion, has pro- 
duced the disease: and it is certain, that, in the 
case of an ischuria renalis, the serosity retained in 
the blood-vessels has been poured out into some 
internal cavities, and has occasioned dropsy. 


MDCLX. A third cause, of an over-pro- 
portion of serous fluid in the blood ready to run 
off by the exhalants, has been very large evac- 
uations of blood, either spontaneous or arti- 
ficial. These evacuations, by abstracting a 
large proportion of red globules and gluten, 
which are the principal means of retaining 
serum in the red vessels, allow the serum to run 
off more readily by the exhalants: and hence 
dropsies have been frequently the consequence 
of such evacuations. 

It is possible also, that large and long con- 
tinued issues, by abstracting a large proportion 
of gluten, may have the same effect. 
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An over-proportion of the serous parts of the 
blood, may not only be owing to the spoliation 
just now mentioned, but may, I apprehend, be 
likewise owing to a fault in the digesting and 
assimilating powers in the stomach and other 
organs; whereby they do not prepare and con- 
vert the aliments taken in, in such a manner 
as to produce from them the due proportion of 
red globules and gluten; _ but, still continuing to 
supply the watery parts, occasion these to be 
in an over-proportion, and consequently ready 
to run off in too large quantity by the exhalants. 
It is in this manner that we explain the dropsy, 
so often attending chlorosis; which appears 
always at first by a pale colour of the whole 
body, showing a manifest deficiency of red 
blood; which in that disease can only be at- 
tributed to an imperfect digestion and assimi- 
lation. 

Whether a like imperfection take place in 
what has been called a Cachexy, I dare not de- 
termine. This disease indeed has been com- 
monly and very evidently owing to the general 
causes of debility above mentioned: and it 
being probable that the general debility may 
affect the organs of digestion and assimilation; 
so the imperfect state of these functions, occa- 
sioning a deficiency of red globules and gluten, 
may often concur with the laxity of the exhalants 
in producing dropsy. 


MDCLXI. These are the several causes of 
increased exhalation, which I have mentioned 
as the chief cause of the effusion producing 
dropsy; but I have likewise observed in MDCL- 
XVII. that with the same effect, an effusion may 
also be made by the rupture of vessels carrying 
watery fluids. 

In this way, a rupture of the thoracic duct, 
has given occasion to an effusion of chyle and 
lymph into the cavity of the thorax; and a 
rupture of the lacteals, has occasioned a like 
effusion into the cavity of the abdomen; and 
in either case, a dropsy has been produced. 

It is sufficiently probable that a rupture of 
lymphatics, in consequence of strains, or the 
violent compression of neighbouring muscles, 
has occasioned an effusion; which, being 
diffused in the cellular texture, has produced 
considerable dropsy. 
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It belongs to this head of causes, to remark, 
that there are many instances of a rupture or 
erosion of the kidneys, ureters, and bladder of 
urine; whereby the urine has been poured into 
the cavity of the abdomen, and produced an 
ascites. 


MDCLXII. Upon this subject, of the rup- 
ture of vessels carrying, or of vesicles containing 
watery fluids, I must observe, that the dissection 
of dead bodies has often shown vesicles formed 
upon the surface of many of the internal parts; 
and it has been supposed, that the rupture of 
such vesicles, commonly named Aydatides, 
together with their continuing to pour out a 
watery fluid, has been frequently the cause of 
dropsy. I cannot deny the possibility of such a 
cause, but suspect the matter must be explained 
in a different manner. 

There have been frequently found, in almost 
every different part of animal bodies, collections 
of spherical vesicles, containing a watery fluid; 
and in many cases of supposed dropsy, partic- 
ularly in those called the preternatural en- 
cysted dropsies, the swelling has been entirely 
owing to a collection of such hydatides. Many 
conjectures have been formed with regard to 
the nature and production of these vesicles; 
\but the matter at last seems to be ascertained. 
It seems to be certain, that each of these ves- 
icles has within it, or annexed to it, a living 
animal of the worm kind; which seems to have 
the power of forming a vesicle for the purpose 
of its own oeconomy, and of filling it with a 
watery fluid drawn from the neighbouring 
parts: and this animal has therefore been 
properly named by late naturalists, the 7aenia 
hydatigena. The origin and oeconomy of this 
animal, or an account of the several parts of 
the human body which it occupies, I cannot 
prosecute further here; but it was proper for 
me, in delivering the causes of dropsy, to say 
thus much of hydatides: and I must conclude 
with observing, I am well persuaded, that most 
of the instances of preternatural encysted drop- 
sies which have appeared in many different 
parts of the human body, have been truly col- 
lections of such hydatides; but how the swell- 
ing occasioned by these are to be distinguished 
from other species of dropsy, or how they are to 
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be treated in practice, I cannot at present 


determine. 


MDCLXAIII. After having mentioned these, 
I return to consider the other general cause of 
dropsy, which I have said in MDCXLVI may 
be an interruption or diminution of the ab- 
sorption that should take up the exhaled 
fluids from the several cavities and interstices 
of the body; the causes of which interruption, 
however, are not easily ascertained. 
MDXCLXIV. It seems probable, that ab- 
sorption may be diminished, and even cease 
altogether, from a loss of tone in the absorbent 
extremities of the lymphatics. I cannot indeed 
doubt that a certain degree of tone or active 
absorbent ex- 


necessary in these 


and it appears probable, that the 


power is 
tremities; 
same general debility which produces that 
laxity of the exhalant vessels, wherein I have 
supposed the hydropic diathesis to consist, 
will at the same time occasion a loss of tone in 
the absorbents; and therefore that a laxity of 
the exhalants will generally be accompanied 
with a loss of tone in the absorbents; and that 
this will have a share in the production of 
dropsy. Indeed it is probable that the diminu- 
tion of absorption has considerable share in the 
matter; as dropsies are often cured by medicines 
which seem to operate by exciting the action of 


the absorbents. 


MDCLXV. It has been supposed, that the 
absorption performed by the extremities of 
lymphatics may be interrupted by an _ ob- 
struction of these vessels, or at least of the con- 
globate glands which these vessels 
pass. ‘This, doubtful. As 
the lymphatics have branches frequently com- 
municating with one another, it is not probable 
that the obstruction of any one, or even several 
of these, can have any considerable effect in in- 


through 


however, is verv 


terrupting the absorption of their extremities. 

And for the same reason, it is as little prob- 
able that the obstruction of conglobate glands 
can have such an effect; at least it is only an 
obstruction of the glands of the mesentery, 
through which so considerable a portion of the 
lymph passes, that can possibly have the effect 
even this 


of interrupting absorption. But 


we should not readily suppose, there being 
reason to believe that these glands, even in a 
considerably tumefied state, are not entirely 
obstructed: And accordingly I have known 
several instances of the most part of the mes. 
enteric glands being considerably tumefied, 
without either interrupting the transmission of 
fluids to the blood-vessels, or occasioning any 
dropsy. 

An hydropic swelling, indeed, seems often to 
affect the arm from a tumour of the axillary 
gland: but it seems to be doubtful, whether 
the tumour of the arm may not be owing to some 
compression of the axillary vein, rather than to 
an obstruction of the lymphatics. 

MDCLAVI. A 
absorption may be supposed to take place in 
As no lymphatic vessels have yet 


particular interruption of 
the brain. 
very certainly been discovered in that organ, 
it may be thought that the absorption, which 
certainly takes place there, is performed by the 
extremities of veins, or by vessels that carry 
the fluid directly into the veins; so that any 
impediment to the free motion of the blood in 
the veins of the brain, may interrupt the ab- 
sorption there, and occasion that accumulation 
of serous fluid which so frequently occurs from a 
congestion of blood in these veins. But I give 
all this as a matter of conjecture only. 


MDCLXVII. Having thus explained the 
general causes of dropsy, I should proceed, in 
the next place, to mention the several parts of 
the body in which serous collections take place, 
and so to mark the different species of dropsy: 
but I do not think it necessary for me to enter 
into any minute detail upon this subject. In 
many cases, these collections are not to be 
ascertained by any external symptoms, and 
therefore cannot be the objects of practice; 
and many of them, though in some measure 
discernible, do not seem to be curable by our 
art. I the more especially avoid mentioning 
very particularly the several species, because 
that has already been sufficiently done by Dr. 
D. Monro, and other writers, in every body’s 
hands. I must confine myself here to the con- 
sideration of those species which are the most 
frequently occurring, and the most common 


objects of our practice; which are, the Ana- 
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sarca, Hydrothorax, and Ascites; and of each of 
these I shall treat in so many separate sections. 


Or ANASARCA 

MDCLXVIII. The Anasarca is a swelling 
upon the surface of the body, at first commonly 
appearing in particular parts only, but at 
length frequently appearing over the whole. 
So far as it extends, it is an uniform swelling 
over the whole member, at first always soft, 
and readily receiving the pressure of the finger, 
which forms a hollow that remains for some 
little time after the pressure is removed but at 
length rises again to its former fulness. This 
swelling generally appears, first, upon the 
lower extremities; and there too only in the 
evening, disappearing again in the morning. 
It is usually more considerable as the person 
has been more in an erect posture during the 
day; but there are many instances of the exer- 
cise of walking preventing altogether its other- 
wise usual coming on. Although this swelling 
appears at first only upon the feet and about the 
ankles; yet if the causes producing it continue 
to act, it gradually extends upwards, occupying 
the legs, thighs, and trunk of the body, and 
sometimes even the head. Commonly the 
swelling of the lower extremities diminishes 
during the night; and in the morning the 
swelling of the face is most considerable, which 
again generally disappears almost entirely in 


the course of the day... 


MDCLXX. An anasarca is evidently a pre- 
ternatural collection of serous fluid in the 
cellular texture immediately under the skin. 
Sometimes pervading the skin itself, it oozes 
out through the pores of the cuticle; and some- 
times, too gross to pass by these, it raises the 
cuticle in blisters. Sometimes the skin, not 
allowing the water to pervade it, is compressed 
and hardened, and at the same time so much 
distended, as to give anasarcous tumours an 
unusual firmness. It is in these last circum- 
stances also that an erythematic inflammation is 
ready to come upon anasarcous swellings. 


MDCLXXI. An anasarca may immediately 
arise from any of the several causes of dropsy 
which act more generally upon the system: 
and even when other species of dropsy, from 
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particular circumstances, appear first, yet 
whenever these proceed from any causes more 
generally affecting the system, an anasarca 
sooner or later comes always to be joined with 
them. 


MDCLXXII. The manner in which this 
disease commonly first appears, will be readily 
explained by what I have said in MDCL. 
respecting the effects of the posture of the 
body. Its gradual progress, and its affecting, 
after some time, not only the cellular texture 
under the skin, but probably also much of the 
same texture in the internal parts, will be 
understood partly from the communication 
that is readily made between the several parts 
of the cellular texture; but especially from the 
same general causes of the disease producing 
their effects in every part of the body. It 
appears to me that the water of anasarcous 
swellings is more readily communicated to the 
cavity of the thorax, and to the lungs, than to 
the cavity of the abdomen, or to the viscera 
contained in it. 


MDCLXXIII._ An anasarca is almost always 
attended with a scarcity of urine; and the urine 
voided, is from its scarcity, always of a high 
colour; and from the same cause, after cooling, 
readily lets fall a copious reddish sediment. 
This scarcity of urine may sometimes be owing 
to an obstruction of the kidneys, but probably 
is generally occasioned by the watery parts of 
the blood running off into the cellular texture, 
and being thereby prevented from passing in 
the usual quantity to the kidneys. 

The disease is also generally attended with an 
unusual degree of thirst; a circumstance I 
would attribute to a like abstraction of fluid 
from the tongue and fauces, which are ex- 
tremely sensible to every diminution of the fluids 
in these parts. . . 


MDCLXXVIII. The water of anasarcous 
limbs may sometimes be drawn off by pea 
issues, made by caustic a little below the knees: 
for as the great swelling of the lower extremities 
is chiefly occasioned by the serous fluid ex- 
haled into the upper parts constantly falling 
down to the lower; so the issues now mentioned, 
by evacuating the water from these upper parts, 
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may very much relieve the whole of the disease. 
Unless, however, the issues be put in before the 
disease is far advanced, and before the parts 
have very much lost their tone, the places of 
the issues are ready to become affected with 
gangrene. 

Some practical writers have advised the 
employment of setons for the same purpose 
that I have proposed issues; but I apprehend, 
that setons will be more liable than issues to the 
accident just now mentioned. 


MDCLXXIX. 


out serum from anasarcous limbs, blisters have 


For the purpose of drawing 


been applied to them, and sometimes with 
great success; but the blistered parts are ready 
Blister- 
ing is therefore to be employed with great cau- 
tion; and perhaps only in the circumstances 
that I have mentioned above to be fit for the 


to have a gangrene come upon them. 


employment of issues. . . 


MDCLXXXII. 
sometimes excited an absorption in hydropic 
parts, and thereby drawn off the waters lodged 


As spontaneous vomiting has 


in them, it is reasonable to suppose that vomit- 
ing excited by art, may have the same effect; 
and accordingly it has been often practised 
with advantage. The practice, however, re- 
quires that the strong antimonial emetics be 
employed, and that they be repeated frequently 
after short intervals. 


MDCLXXXIII._ Patients submit more read- 
ily to the use of purgatives, than to that of 
emetics; and indeed they commonly bear the 
At the 


same time, there are no means we can employ 


former more easily than the latter. 


to procure a copious evacuation of serous 
fluids with greater certainty than the operation 
of purgatives; and it is upon these accounts, 
that purging is the evacuation which has been 
most frequently, and perhaps with most success, 
employed in dropsy. It has been generally 
found necessary to employ purgatives of the 
more drastic kind; which are commonly known, 
and need not be enumerated here. I believe 
indeed, that the more drastic purgatives are 
the most effectual for exciting absorption, as 
their stimulus is most readily communicated to 
the other parts of the system; but of late, an 


opinion has prevailed, that some milder pur. 
gatives may be employed with advantage. This 
opinion has prevailed particularly with regard 
to the crystals vulgarly called the Cream of 
Tartar, which in large doses, frequently re. 
peated, have sometimes answered the purpose 
of exciting large evacuations, both by stool and 
urine, and has thereby cured dropsies. This 
medicine, however, has frequently failed, both 
in its operation and effects, when the drastic 
purgatives have been more successful. 

Practitioners have long ago observed, that 
in the employment of purgatives, it is requisite 
they be repeated after as short intervals as the 
patient can bear; probably for this reason, that 
when the purging is not carried to the degree of 
soon exciting an absorption, the evacuation 
weakens the system, and thereby increases the 
afflux of fluids to the hydropic parts. 


MDCLXXXIV._ The kidneys afford a natural 
outlet for a great part of the watery fluids con- 
tained in the blood-vessels; and the increasing 
the excretion by the kidneys to a considerable 
degree, is a means as likely as any other of 
exciting an absorption in dropsical parts. It 
is upon this account that diuretic medicines 
have been always properly employed in the cure 
of dropsy. The various diuretics that may be 
employed, are enumerated in every treatise of 
the Materia Medica and of the Practice of 
Physic, and therefore need not be repeated here. 
It happens, however, unluckily, that none of 
them are of very certain operation; neither is 
it well known why they sometimes succeed, and 
why they so often fail; nor why one medicine 
should prove of service when another does not. 
It has been generally the fault of writers upon 
the Practice of Physic, that they give us in- 
stances of cases in which certain medicines have 
proved very efficacious, but neglect to tell us 
in how many other instances the same have 
failed... 


Or THE HypDROTHORAX, OR DROPSY OF THE 
BREAST 


MDCXCVII. The preternatural collection 
of serous fluid in the thorax, to which we give 
the appellation of Hydrothorax, occurs more 
frequently than has been imagined. Its pres- 
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ence, however, is not always to be very cer- 
tainly known; and it often takes place to a 
considerable degree before it be discovered. 


MDCXCVIII. These collections of watery 
fluids in the thorax, are found in different situa- 
tions. Very often the water is found at the same 
time in both sacs of the pleura, but frequently 
in one of them only. Sometimes it is found in 
the pericardium alone; but for the most part it 
only appears there when at the same time a col- 
lection is present in one or both cavities of the 
thorax. In some instances, the collection is 
found to be only in that cellular texture of the 
lungs which surrounds the bronchiae, without 
there being at the same time any effusion into 
the cavity of the thorax. 

Pretty frequently the water collection con- 
sists chiefly of a great number of hydatides in 
different situations; sometimes seemingly float- 
ing in the cavity, but frequently connected with 
and attached to the particular parts of the 
internal surface of the pleura. 

MDCC. From the collection of water being 
thus in various situations and circumstances, 
symptoms arise which are different in different 
cases; and from thence it becomes often dif- 
ficult to ascertain the. presence and nature of 
the affection. I shall, however, endeavour here 
to point out the most common symptoms, and 
especially those of that principal and most 
frequent form of the disease, when the serous 
fluid is present in both sacs of the pleura, or, as 
we usually speak, in both cavities of the thorax. 


MDCCI. The disease frequently comes on 
with a sense of anxiety about the lower part of 
the sternum. This, before it has subsisted long, 
comes to be joined with some difficulty of breath- 
ing; which at first appears only upon the per- 
son’s moving a little faster than usual, upon his 
walking up an acclivity, or upon his ascending 
a staircase: but after some time, this difficulty 
of breathing becomes more constant and con- 
siderable, especially during the night, when the 
body is in a horizontal situation. Commonly, 
at the same time, lying upon one side is more 
easy than upon the other, or perhaps lying upon 
the back more easy than upon either side. 
These circumstances are usually attended with 
a frequent cough, that is at first dry; but which, 
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after some time, is accompanied with an ex- 
pectoration of thin mucus. 

With all these symptoms, the hydrothorax is 
not certainly discovered, as the same symptoms 
often attend other diseases of the breast. When, 
however, along with these symptoms, there is 
at the same time an oedematous swelling of the 
feet and legs, a leucophlegmatic paleness of the 
face, and a scarcity of urine, the existence of 
a hydrothorax can be no longer doubtful. 
Some writers have told us, that sometimes in 
this disease, before the swelling of the feet comes 
on, a watery swelling of the scrotum appears; 
but I have never met with any instance of this. 


MDCCIT. Whilst the presence of the dis- 
ease is somewhat uncertain, there is a symptom 
which sometimes takes place, and has been 
thought to be a certain characteristic of it; 
and that is, when, soon after the patient has 
fallen asleep, he is suddenly awaked with a sense 
of anxiety and difficult breathing, and with a 
violent palpitation of the heart. These feelings 
immediately require an erect posture; and 
very often the difficulty of breathing continues 
to require and to prevent sleep for a great part 
of the night. This symptom I have frequently 
found attending the disease; but I have also 
met with several instances in which this symp- 
tom did not appear. I must remark further, 
that I have not found this symptom attending the 
empyema, or any other disease of the thorax; 
and therefore, when it attends a difficulty of 
breathing, accompanied with any the smallest 
symptom of dropsy, I have had no doubt in 
concluding the presence of water in the chest, 
and have always had my judgment confirmed 
by the symptoms which afterwards appeared. 


MDCCII [sic]. The hydrothorax often oc- 
curs with very few, or almost none, of the symp- 
toms above mentioned; and is not, therefore, 
very certainly discovered till some others appear. 
The most decisive symptom is a fluctuation of 
water in the chest, perceived by the patient 
himself, or by the physician, upon certain 
motions of the body. How far the method 
proposed by Auenbrugger will apply to ascer- 
tain the presence of water and the quantity of 
it in the chest, I have not had occasion or 
opportunity to observe. 
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It has been said, that in this disease some 
tumour appears upon the sides or upon the 
back; but I have not met with any instance 
of this. 


one side of the thorax considerably enlarged, 


In one instance of the disease, I found 


the ribs standing out farther on that side than 
upon the other. 

A numbness and a degree of palsy in one or 
both arms, has been frequently observed to 
attend a hydrothorax. 

Soon after this disease has made some prog- 
ress, the pulse commonly becomes irregular, 
and frequently intermitting: but this happens 
in so many other diseases of the breast, that 
unless when it is attended with some other 
of the above-mentioned symptoms it cannot be 


considered as denoting the hydrothorax. 


MDCCIII. 


is commonly attended with thirst and a scarcity 


This disease, as other dropsies, 


of urine, to be explained in the same manner as 
in the case of anasarca (MDCLXXIII). The 
hydrothorax, however, is sometimes without 
thirst, or any other febrile symptom; although 
I believe this happens in the case of partial 
affections only, or when a more general affection 
is yet but in a slight degree. In both cases, 
however, and more especially when the disease 
is considerably advanced, some degree of fever 
is generally present: and I apprehend it to be 
in such case, that the persons affected are more 
than usually sensible to cold, and complain of 
the coldness of the air when that is not perceived 
by other persons. 


MDCCIV. 
pears alone, without any other species of dropsy 
and in this 


The hydrothorax sometimes ap- 


being present at the same time: 
case the disease, for the most part, is a partial 
affection, as being either of one side of the 
thorax only, or being a collection of hydatides 
in one part of the chest. The hydrothorax, 
however, is very often a part of more universal 
dropsy, and when at the same time there is 
water in all the three principal cavities and in 
the cellular texture of a great part of the body. 
I have met with several instances, in which such 
universal dropsy began first by an effusion into 
the thorax. The hydrothorax, however, more 
frequently comes on from an anasarca gradually 


increasing; and, as I have said above, the 
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diathesis seems often to affect the 


thorax sooner than it does either the head or 


general 


the abdomen. 


MDCCV. 


cure, or even of alleviation, from remedies, 


This disease seldom admits of a 


It commonly proceeds to give more and more 
difficulty of breathing, till the action of the 
lungs be entirely interruvted by the quantity 
of water cffused; and the fatal event frequently 
happens more suddenly than was expected. 
In many of the instances of a fatal hydrothorax, 
I have remarked a spitting of blood to come on 


several days before the patient died. 


MDCCVI. The 


often manifestly one or other of the general 


cause of hydrothorax is 
causes of dropsy pointed out above: but what 
it is that determines these general causes to act 
more especially in the thorax; and particularly 
what it is that produces the partial collections 
that occur there; I do not find to be easily 


ascertained. 


MDCCVII. 


it will be evident, that the cure of hydrothorax 


From what has been said above, 
must be very much the same with that of 
anasarca; and when the former is joined with 
the latter as an effect of the same general 
diathesis, there can be no doubt of the method 
of cure being the same in both. Even when 


the hydrothorax is alone, and the disease 
partial, from particular causes acting in the 
thorax only, there can hardly be any other 
measures employed, than the general ones 
proposed above. There is only one particular 
measure adapted to the hydrothorax; and 
that is, the drawing off the accumulated waters 


by a paracentesis of the thorax. 


MDCCVIII. To what cases this operation 
may be most properly adapted, I find it diffi- 
cult to determine. That it may be executed 
with safety, there is no doubt; and that it has 
been sometimes practised with success, seems 
to be very well vouched. When the disease 
depends upon a general hydropic diathesis, it 
cannot alone prove a cure, but may give a 


temporary relief; and when other remedies 


seem to be employed with advantage, the 
drawing off the water may very much favour a 
complete cure. 


I have not, however, been so 
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fortunate as to see it practised with any success; 
and even where it was most promising, that is, 
in cases of partial affection, my expectations 
have been disappointed from it. 
* * 
COMMENTS 

The clear and systematic character of Cullen’s 
writing makes for easy comprehension of a 
relatively difficult subject and was doubtless a 
boon to the eighteenth-century student. His 
text is obviously the product of an experienced 
physician since, although single cases are not 
discussed, general conclusions are presented 
which are based on long observation. The 
tone is didactic but not dogmatic. 

Cullen’s thinking is both anatomical and 
physiological. He conceives of a_ constant 
circulation of serous or watery fluid into every 
cavity or interstice capable of receiving it 
(MDXLVI) and constantly absorbed; hence 
dropsy could be attributed to increased pro- 
duction or diminished absorption. What is 
lacking in this concept of fluid balance is the 
idea of intracellular and extracellular location, 
which was to be built upon the anatomical and 
conceptual substrate contributed by the work 
of Bichat and Virchow. 

Cullen recognized that the “exhalation” 
(i.e. transudation) of fluid is increased by an in- 
terruption of venous return from the periphery 
to the right side of the heart. He believed 
that this interruption might operate by impeding 
the passage of blood from the arteries to the 
veins. Such impediment, he supposed, would 
increase the force of the arterial fluid and hence 
increase the quantity which poured out. He 
was aware that the impediment might be on 
the venous side, specifically in the vessels of the 
lungs or in the right ventricle. He believed 
that edema might be caused by a polypus in the 
heart. These polypi are now known to have 
been postmortem clots, which were not readily 
distinguishable from antemortem thrombus 
material. 

Cullen recognized additional circumstances 
which affect the venous circulation, e.g., posture, 
and obstructions of the portal circulation. 
By “‘scirrhosity” of the liver he probably meant 
induration; this would include cirrhosis, fibro- 
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sis, and carcinoma. He admitted (MDCLI/) 
that he did not know why this condition causes 
dropsy. How much wiser are we? 

He was skeptical of the belief that dropsy 
might be caused by suppression of menstrual 
flow or by suppression of hemorrhoidal bleeding 
(MDCLV). In cases where such suppressions 
occurred concomitantly with dropsy he sus- 
pected that the suppression and the dropsy 
might have the same underlying cause. While 
dropsy might be caused by general debilitating 
factors (MDCLVI) such as fevers, long-con- 
tinued evacuations, and almost all long-con- 
tinued weakening diseases, such generalized 
diseases tend to produce effusions in body cavi- 
ties as well as subcutaneous edema (MDCLVIJ). 

Cullen knew that under normal circumstances 
the ingestion of large quantities of water could 
be effected without producing dropsy but 
excessive intake could cause dropsy if the ex- 
cretory organs were damaged. He believed 
that the skin might imbibe excessive amounts 
of water from the atmosphere and that this 
might aggravate incipient dropsy (MDCLVII/). 
Most interestingly, he knew that repeated 
phlebotomy might cause edema (MDCLX) by 
abstracting red globules and “‘gluten,’? which 
“are the principal means of retaining serum” 
in the vessels. He referred to repeated phle- 
botomy as “spoliation.’” He believed that 
failures of digestion and assimilation might 
cause inadequate formation of red corpuscles 
and “‘gluten’”’ and hence produce edema. 

Like most of the experienced deadhouse 
observers of the era, he was familiar with 
hydatid cysts (MDCLXII). He knew that 
these lesions were caused by a worm, which he 
called Taenia hydatigena. In textbooks of para- 
sitology the Echinococcus granulosus is usually 
credited to Batsch, 1786, a source which could 
hardly have been used for the 1784 edition of 
Cullen. Possibly Cullen used the earlier trea- 
tise of J. A. E. Goeze,’® in which the term Taenia 
hydatigena appears. It is evident that Cullen 
kept abreast of current literature. 

Cullen’s remarks on anasarca indicate an 
impressive practical command of the subject. 
He knew that anasarca is more commonly 
accompanied by hydrothorax than by ascites 
(MDCLXXII). He knew that anasarca is 
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usually accompanied by oliguria. The latter, 
he says, is sometimes caused by obstruction of 
the kidneys but probably is more often caused 
by the watery parts of the blood running off 
into the cellular texture, i.e. a prerenal devia- 
tion. The various local methods of treating 
anasarca—and the complications of such treat- 
ment—are concisely stated in MDCLXXVIII 
and MDCLXXIX. 

Cullen’s comments on hydrothorax are in- 
teresting to the clinician and contain a fasci- 
nating minor problem for the historian. He 
remarks that hydrothorax cannot always be 
recognized and that it is often large before it is 
discovered (MDCXCVID) ; 
but sometimes unilateral; fluid may be present 


it is often bilateral 


in the lung or pericardium without also being 
present in the pleural cavities (MDCXVIIJ). 
The symptoms include: a sense of anxiety 
about the lower sternum; difficulty of breathing, 
at first on exertion, later without exertion; and 
cough. These symptoms do not lead to certain 
detection of hydrothorax, since they occur also 
But if to these 
symptoms edema and oliguria are added, the 


presence of hydrothorax is certain (MDCCI). 


in other diseases of the chest. 


Thus hydrothorax was recognized by indirect 
means only. Cullen adds that the most decisive 
sign is fluctuation of water in the chest upon 
This is simply 
It took the 
inquiring genius of Laennec® to show that 


certain motions of the body. 
the old Hippocratic succussion.‘ 


succussion would yield a positive result only if 
the chest contained air in addition to water. 
Cullen further remarks ‘‘How far the method 


proposed by Auenbrugger [i.e. percussion] will 


apply to ascertain the presence of water and 
the quantity of it in the chest, I have not had 
I have 
not found this statement in the editions of 


occasion or opportunity to observe.” 


Cullen’s text that were published in 1778-9 
and in 1781. It appears in editions published 
in 1784, 1790, 1806, 1816, and 1822. 
died in 1790. 
brugger, which put percussion effectively ‘on 


Cullen 
Corvisart’s translation of Auen- 


the map” of medical practice, appeared in 
1808. Auenbrugger died in 1809. 
immortal 


Laennec’s 
treatise on mediate auscultation, 
which embodied also the use of percussion, 
first appeared in 1819. Yet as late as 1822, 
Cullen’s statement about percussion was re- 
printed in an edition published in Philadelphia 
under the editorship of Charles Caldwell. It 
is impossible to avoid speculating as to whether 
Cullen, by his comment on Auenbrugger, de- 
layed the introduction of 


America. ® 


percussion into 
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Case Report 


Myxoma of the Heart 


Report Based on Four Cases* 


JocHANAN H. Boss, and MorpecHar BECHAR, M.D. 


Petah-Tiqua, Israel 


~~ primary tumors of the heart are 
rare, they are of great interest, since with 
recent surgical progress their treatment has be- 
come possible. According to Leach,’ a primary 
cardiac tumor is found in 0.05 per cent of all 
necropsies; half of these neoplasms are myxo- 
mas. Notall agree, however, that the myxomas 
should be classified as tumors and some tend to 
regard them as organized thrombi. 

In 6,000 necropsies performed in the Beilinson 
Hospital in the years 1943-57, four cases of 
myxomas of the heart were recorded (almost 
0.07 per cent). Three cases presented as a 
severe neurologic disorder. In two of these, 
emboli of the myxoma were demonstrated in the 
cerebral arteries, whereas in the third an embolic 
etiology could not be proved despite the pres- 
ence of an extensive encephalomalacia. 

The first case, reported in detail herein, is of 
special interest because of the clinical course and 
peculiar histologic structure encountered, sup- 
porting the view of the neoplastic nature of the 
myxoma. In the three other cases there was no 
convincing evidence of a neoplastic nature of the 
myxoma; the. ‘“‘tumors’” were pedunculated, 
smooth, and glistening, adherent to the wall of 
the atrium, histologically consisting chiefly of 
myxomatous ground substance, in which stellate 
and spindle cells were scattered. It would be 
difficult to disprove that these myxomas were 
organized thrombi which, owing to the contin- 
uous action of the blood stream upon the throm- 
botic material, acquired a special structure and 


composition. On the other hand, it would be 
difficult to account for an intracardiac thrombo- 
sis in an otherwise normal heart without evi- 
dence for a general thrombotic tendency or an 
underlying cardiac pathology or both. It was 
maintained that the absence of a congenital 
anomaly and of an active or healed endocarditis 
was the conditio sine qua non for accepting the neo- 
plastic nature of a myxoma. 


Case History 


CasE1. R.E., askilled laborer, aged 50, was admitted 
to the neurologic department with the diagnosis of cere- 
brovascular accident. He had never been seriously ill 
until April, 1955, when while taking a bath he suddenly 
cried out, vomited, defecated, and fainted. During the 
following two days he could not speak and for a long 
period he remained confused. For three months he was 
confined to his room. 

He was hospitalized for the first time in February, 1956, 
because of pain in his right loin and the appearance of 
petechiae on the extremities. Physical and neurologic 
examinations disclosed no abnormal findings. His tem- 
perature was normal. The blood pressure was 130/80 
mm Hg. The sedimentation rate was 60 mm per 
hour; there were slight leukocytosis and hyperpro- 
teinemia with an inverse albumin-globulin ratio (Table 
1). The number of thrombocytes was normal; routine 
examinations did not reveal a coagulation defect. Intra- 
venous pyelography was normal. The electrocardio- 
gram showed a slight anticlockwise rotation, deep S 
waves, and a shallow T wave in lead2. Inthe electro- 
encephalogram a slight symmetric disturbance was found. 
No treatment was given and the patient was discharged 
in good condition after two weeks. 

The patient was admitted for the second time in 
July, 1956, with the complaint of abruptly appearing 


* From the Institute of Pathology and the Department of Neurology, Beilinson Hospital, Petah-Tiqua, Israel. 
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TABLE I 


Results of Blood Examinations in Case 1 


Feb. 1, July 2, Dec. 3, 
1956 1956 1956 


Hemoglobin (g 12.4 14.4 
%) 

R.B.C. per cu 000 
mm 

W.B.C. per cu 
mm 

E.S.R. (Wester- 
gren) (mm) 

Total protein (g 
%) 


Globulin (g %) 


4,600,000 4,700,000 


,500 8,700—22,600 17,000 


60/100 100/122 


3.86 


sharp pain in the left calf and disturbances of memory and 
orientation. The physical and neurologic status was 
normal. On the other hand, striking psychic distur- 
bances were evident; the patient did not recognize his 
surroundings and his relatives, nor did he remember the 
events of the last few days, and his answers were unintel- 
ligible. The temperature was 101°F, the blood pres- 
sure 145/80, and the sedimentation rate was elevated. 
The eyegrounds were normal. The cerebrospinal fluid 
was normal. Blood examination data are given in Table 
I. The a:-globulin was 4.4 per cent, a2-globulin 10.1 
per cent, 8-globulin 12.6 per cent, y-globulin 24.7 per 
cent; Weltmann’s reaction 9 units; Takata-Ara test 
and formol gel test were positive. 
the skull were normal. In the electroencephalogram a 
slight bilateral frontal disorder was manifest. Antibiotics 


Case 1. 
(H & E; low-power view.) 


Fig. 2. 
spaces. 


Roentgenograms of 


of the Heart 


Fig. 1. Case 1. Left ventricle and atrium. Polypous 
YI 


structure adherent to the interatrial septum. 


and Dicumarol were given. Within a week the tempera- 
ture returned to normal and the pain subsided. 


CLINICAL COURSE 


After the patient was discharged his psychic state im- 
proved; he went back to work, but was _ inefficient. 
From time to time he experienced pains in the loins and 


was febrile. One day, while taking a walk, he suddenly 


Base of polyp (myocardium seen at the bottom). Note the cystic 
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containing relatively few cells. 


leaned on his escort, was unable to speak or move his 
right arm and leg, and his eyes turned sidewards. He 
did not lose consciousness. In this state he was hos- 
pitalized for the third time (December, 1956). Exami- 
nation showed right hemiplegia and aphasia. The eye- 
grounds at that time were normal, but a week later the 
left fundus was found.to be pale and the lower nasal 
border of the papilla indistinct. The left pupil did not 
react to light. Blood examination data are given in 
Table I. An occlusion of the left carotid artery was sus- 
pected and the patient was referred to the neurologic 
department. 

On examination, the patient was stuporous and 
aphasic and showed right hemiplegia. Heart, lungs, 
and abdomen were normal. The pulse was regular, the 
rate 120 per min. The temperature was 100°F, the 
blood pressure 120/80. The cerebrospinal fluid was 
xanthochromic and contained 14 cells per cu mm 
and 140 mg protein per 100 cc. The papilla of the left 
eye fundus was well demarcated, but the region of the 
macula was edematous and contained deep hemorrhages. 
In spite of the absence of a cardiac murmur, the possi- 
bility of subacute bacterial endocarditis was considered. 
The pains in the loins and leg, the psychic and neuro- 
logic disturbances, and the findings in the left eyeground 
were explained by recurrent embolism. The patient was 
given digoxin and large doses of penicillin and strepto- 
mycin. His condition, however, deteriorated rapidly, 
he became comatose and died shortly afterward. 


AUTOPSY FINDINGS 


The essential findings were: polypous mass in the left 
heart atrium, slight cardiac hypertrophy, extensive sof- 
tening and hemorrhage of the left cerebral hemisphere, 
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Fig. 3. Case 1. High-power view of Figure 2. (4) Myxomatous ground substance 
(B) Wall of a cystic space. (H & E; X80) 


numerous scars of infarction in the kidneys, bronchitis, 
and bronchopneumonia. 

Gross Examination: The heart was slightly concentri- 
cally hypertrophied. Minimal sclerotic thickening of the 
mitral valve was evident. The left atrium contained 
a polypous structure about 4 cm long, adherent to the 
posterior region of the septum by a 1.5 cm broad base 
(Fig. 1); its largest diameter was 2 cm. The surface 
was smooth, glistening, and dark red-bluish in color. 
The consistency was soft-gelatinous. The free end was 
branched, its processes reaching the atrioventricular os- 
tium. A definite narrowing of the ostium was not de- 
monstrable. In the aorta and in the coronary arteries 
there was only mild atheromatosis. 

The brain was edematous. The left cerebral hemi- 
sphere showed extensive destruction in its anterior half by 
a massive hemorrhage, which broke through into the 
lateral ventricle and into the sylvian fossa, and in its 
posterior half by an extensive softening. ; 

Microscopic Examination: In the vicinity of the polyp 
the atrial endocardium was slightly thickened. It was 
continuous with the outer stratum of the polyp (Fig. 2). 
The tissue of the polyp was demarcated against the myo- 
cardium by a relatively broad layer of elastic laminae. 
The polyp consisted of a more or less homogeneous, 
bright eosinophilic ground substance, which contained 
relatively few cells (Fig. 3A). The cells were mainly 
spindle-shaped and stellate; scattered among them 
were cell aggregates. The entire circumference of the 
polyp was covered by a layer of endothelial cells. In the 
ground substance, whichcontained collagenous, reticular, 
and elastic fibers, many vacuoles were seen; in the region 
of the base a large number of various-sized cysts con- 
taining a mucoid material existed (see Fig. 2). These 
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were lined by a single layer of flat cells, which in a few 
places became higher (Fig. 3B); here and there they 
were cylindric and arranged in an epithelium-like man- 
ner. A few leukocytes, lymphocytes, hemosiderin- 
laden macrophages, and small recent hemorrhages were 
found. Except in the basal region, blood vessels were 
rather scarce. 

No special pathologic findings were observed in the 
myocardium and mitral valve; it should be emphasized 
that no signs of an active or healed inflammation were 
seen. 

In a main branch of the left middle cerebral artery the 
lumen was partly occluded by a tissue identical with that 
of the cardiac polyp and partly by a recent thrombus 
(Fig. 44). In a large number of small meningeal ar- 
teries emboli consisting of the same tissue were found. 
The wall of one artery was necrotic and its lumen con- 
tained calcified material. In the right cerebral hemi- 
sphere, which macroscopically appeared to be normal, 
small circumscribed cortical necrotic foci adjacent to oc- 
cluded meningeal arteries were observed. Sections 
through the optic nerve revealed no occlusion of the cen- 
tral retinal artery, but in the ophthalmic artery emboli 
of polyp tissue were demonstrated. 

Emboli were found in the spleen and kidneys. The 
finding of an embolus in an arcuate artery of the kidney 
was noteworthy, as it proved its occurrence prior to the 
terminal events: about two-thirds of the lumen was 
obliterated by embolic tissue, whereas the remaining 
lumen, which was lined by endothelium, was separated 
from the embolic tissue by a broad layer of connective 
tissue (Fig. 4B). 


Fig. 4. Case 1. 


COMMENTS 


The macro- and microscopic findings in the 
case presented correspond with the descriptions 
of myxoma of the heart in the literature. :7 
We do not agree with Saphir“ that the presence 
of blood in the tissue of the polyp excludes the 
diagnosis of a tumor; the traumata to which the 
polyp is exposed in the blood stream adequately 
explains the occurrence of small hemorrhages, 
Decisive for the differentiation between a neo- 
plastic myxoma and an organized thrombus is 
the complete covering of the surface of the tumor 
by endothelial cells. It is our opinion that the 
presence of the cysts lends further support to the 
neoplastic genesis of the polyp. We have never 
observed cysts in organized thrombi in the 
atrium in cases of mitral stenosis (surgical and 
postmortem material). The histologic sections 
from the base of the polyp, where the cysts were 
abundant, reminds one, to a certain extent, of an 
angiomatous tumor. 


ADDITIONAL REPORTS 


Case 2. A woman, aged 33, was hospitalized with 
intractable cardiac insufficiency. On x-ray examination 
the heart had a mitral configuration and the physical 
findings indicated decompensated mitral stenosis. On 


(A) A main branch of the left middle cerebral artery. The lumen 


is occluded by tissue of the cardiac polyp and thrombotic material (H & E; low- 
power view). (B) Kidney, arcuate artery. Partial obliteration of the lumen by tissue 
of the cardiac polyp. Note the recanalization (H & E; X40). 
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postmortem examination a dilated left atrium containing 
a polypous ‘tumor’? was found. The tumor narrowed 
the atrioventricular ostium. The histologic picture was 
typical —spindle and stellate cells scattered in a myx- 
omatous ground substance. 

Case 3. A man, aged 46, was hospitalized because 
of right hemiplegia and aphasia. Arteriographically a 
total occlusion of the left middle cerebral artery was 
demonstrated. The autopsy revealed a large “‘tumor”’ in 
the left atrium. The microscopic findings were typical. 
The left cerebral hemisphere showed an extensive dif- 
fuse softening. In the occluded artery and its distal 
branches tumor emboli were found (case reported by 
Israeli et al.6). 

Case 4. A woman, aged 55, was under clinical ob- 
servation for a long time with a presumed diagnosis of 
subacute bacterial endocarditis. The liver and spleen 
were enlarged. Temperature was 101 °F, sedimentation 
rate 80 mm per hour. On her last days the patient 
suddenly became blind in her left eye. Death was at- 
tributed to a cerebrovascular accident. Necropsy 
showed a “‘tumor’’ in the left atrium and cerebral in- 
farction. Histologically, the tumor showed a typical 
structure. Thrombotic but not tumorous occlusion of 
the cerebral arteries was found. 


DiscussiOoN 


About 75 per cent of the myxomas of the heart 
are localized in the left atrium; the same lo- 
calization existed in the four cases reported here. 
Various clinical courses are known. Often the 
myxoma presents as mitral stenosis; recently it 
was diagnosed during a heart operation.” In 
our case 2, which presented as cardiac insuffi- 
ciency due to mitral stenosis, the atrioventricular 
ostium was narrowed by the myxoma. A fre- 
quent complication is recurrent cerebral em- 
bolism.?, As in our cases 1 and 4, the clinical 
impression gained is sometimes that of subacute 
bacterial endocarditis." Van Buchen?® reported 
a course similar to that described in case 1. 

The most frequent neurologic complication is 
hemiparesis due to cerebral embolism. Rarer 
are aphasia, psychic disturbances, epileptiform 
attacks, choreiform dyskinesia, headache, and 
cerebellar symptoms." Aphasia occurred twice 
in our series. The psychic disturbances of our 
patient (case 1) were most probably due to the 
multiple emboli in the small meningeal arteries 
causing small cortical necrotic foci, seen his- 
tologically also in the macroscopically normal- 
appearing right cerebral hemisphere. Another 
neurologic complication are syncopal attacks,! 
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the cause of which is not yet sufficiently clarified. 
We agree with Nettl" that the essential factor in 
the genesis of unconsciousness and epileptiform 
attacks is cerebral embolism. In case 1 we 
found a large number of emboli in histologic sec- 
tions taken arbitrarily from macroscopically nor- 
mal-appearing brain regions. There were up 
to four emboli in the small meningeal arteries in 
a single section. It seems that the tumor, sus- 
pended freely in the blood stream, is capable of 
releasing a tremendous number of emboli. 

A rather rare cardiac complication is repre- 
sented by case 2. There was no history of rheu- 
matic disease; the heart had a mitral configura- 
tion but otherwise the clinical data were equivo- 
cal. The clinical picture was dominated by the 
heart insufficiency not relieved by any form of 
treatment.* The absence of heart signs in our 
other cases is understandable, as there was no 
significant narrowing of the atrioventricular os- 
tium. 

Mainwaring and Ayres"! were of the opinion 
that the erythrocyte sedimentation rate is of 
diagnostic significance in distinguishing sub- 
acute bacterial endocarditis from a cardiac tu- 
mor; in doubtful cases an elevated sedimenta- 
tion rate was held to indicate endocarditis. We 
cannot share their opinion, as in two of our pa- 
tients the sedimentation rate was elevated in the 
absence of any explanation other than the 
myxoma. The hyperglobulinemia in case 1 is 
of particular interest; electrophoretically a hy- 
pergammaglobulinemia of 24.7 per cent was 
found. The possibility should be considered 
that the increase of the y-globulin is due to for- 
mation of antibodies against embolic tumor tis- 
sue. Delong® has considered an “‘allergic’’ fac- 
tor in the explanation of the increased sedimen- 
tation rate. 

The first signs in our patient (case 1) appeared 
two years before death. During these two years 
he went through various episodes of neurologic 
and psychic disturbances, pains in the loins and 
leg, cutaneous petechial hemorrhages, and pe- 
riods of fever. Weare inclined to believe that all 
these symptoms were caused by recurrent tumor 
embolism to the brain, kidneys, and extremities. 
The finding of renal infarctions and the embolus 

in a renal artery with recanalization and the 
findings in the right cerebral hemisphere seem to 
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justify our assumption. It should be emphasized 
that during the whole period of clinical observa- 
tion there were no cardiac signs. 


SUMMARY 


Four cases of cardiac myxoma are reported. 
One patient died of intractable cardiac insuffi- 
ciency; the necropsy showed the atrioventricular 
ostium to be narrowed by the tumor. In three 
cases death was attributable to a cerebrovascular 
accident; an embolic occlusion of cerebral ar- 
teries by tumor tissue was twice demonstrated. 

In two patients subacute bacterial endocar- 
ditis was suspected clinically. As the sedimenta- 
tion rate was elevated in both, it is concluded 
that the sedimentation rate is of no significance 
in the differential diagnosis between myxoma 
and subacute bacterial endocarditis. In one 
patient there was a hypergammaglobulinemia. 
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Diagnostic Shelf 


Mitral Stenosis vs. Left Atrial Tumor 


ALFREDO BuzZZI, M.D. 


Buenos Aires, Argentina 


HISTORY AND PHYSICAL FINDINGS 


HE patient, a 40-year-old male, gave a 
history of dyspnea and retrosternal pain on 
effort of five months’ duration. Thirty days 
prior to examination, he noted paroxysmal noc- 
turnal dyspnea and orthopnea. Physical exam- 
ination did not reveal abnormal findings and 


(Fig. 1). 


That night the patient had a profuse hemoptysis 


an electrocardiogram was normal 
at home. He was seen by another physician, 
who made a diagnosis of mitral stenosis and ad- 
vised Ccommissurotomy. 

After a week the patient was seen again, and 
auscultation now revealed a mesodiastolic and 
The Ist 


heart sound was not loud or delayed; no open- 


presystolic rumble at the mitral area. 
ing mitral snap was present. The following 
night he had another hemoptysis and re-exam- 
ination failed to reveal the diastolic murmur 
previously noted. The patient was examined 
in different positions, including the horizontal, 
erect, left and right lateral decubitus, but the 


diastolic murmur failed to appear. Electro- 
cardiograms taken during the positional changes 
did not show abnormalities. 

As the patient showed a picture of mitral 
obstruction with atypical features, detailed 
questioning concerning previous systemic em- 
bolism, postural syncope, distal cyanosis, or 
ischemia was made, with negative result. The 
patient denied the previous occurrence of rheu- 


matic fever. 


X-RAY FINDINGS 

The radiologic examination revealed slight 
cardiac enlargement in the P-A position, and 
posterior displacement of the esophagus in the 
right oblique position (Fig. 2). 
gram in the left anterior oblique position was 
performed, and was interpreted as indicating a 
filling defect in the left atrium (Fig. 3). 


An angiocardio- 


OPERATIVE FINDINGS 


Medical treatment, including bed rest, low- 


Fig. 1. 
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Fig. 2. 


salt diet, digitalis, and mercurial diuretics, was 
ineffective. A diagnosis of left atrial tumor was 
made, and as a new hemoptysis supervened 
surgical treatment was undertaken. 

The left atrium was explored through a left 


Fig. 3. Angiocardiogram in left oblique view, showing 
filling defect in left atrium. 


(A) PA view. 


Teleroentgenograms of chest. 


(B) Right oblique view. 


anterolateral thoracotomy, and the index finger 
introduced into the left atrial appendage. 
Shortly after, an ovoid gelatinous mass slipped 
through the mitral orifice. Examination of the 
patient revealed absence of both femoral pulses 
and the right brachial pulse, and anisocoria. 
A laparotomy was performed, the abdominal 
aorta squeezed, and multiple arterial emboli 
extracted through femoral arteriotomies (Fig. 4). 

The patient did not regain consciousness in 
spite of the continuous efforts of the anesthetist 
during the next 12 hours. The cause of death 
was attributed to cerebral embolism. 


AUTOPSY FINDINGS 


Necropsy showed normal tricuspid, mitral 
Right ventricular wall 


and semilunar valves. 


tig 4 


Fig. 4. Multiple arterial thrombi squeezed out of aorta 
and extracted through femoral arteriotomies. 
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thickness was 8 mm. The right atrium was nor- 
mal. In the left atrium, at the level of the fossa 
ovalis, a grayish-red tissue adherent to the atrial 
septum was present (Fig. 5). It covered a sur- 


face of 1.5 X 4.5 cm, and had an irregular sur- 


Fig.5. Left side of heart showing myxoma in left atrium 
adherent to septum, 
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face. The left atrium was moderately enlarged, 
and its wall measured 5 mm. Both mitral 
leaflets and chordae tendineae were normal. 
Left ventricular wall measured 15 mm. The 
coronary arteries were patent throughout. 

Microscopic examination of the left atrial mass 
revealed edematous fibrous tissue, infiltrated 
with fibroblasts, histiocytes, lymphocytes, and 
plasma cells (Fig. 6). 

Pathologic Diagnosis: 
Left atrial and right ventricular hypertrophy 
and dilatation. 


Left atrial myxoma. 


Discussion 


The symptoms and physical findings pre- 
sented by this patient can be explained on the 
basis of a mitral obstruction. Thus, effort dysp- 
nea, orthopnea, and paroxysmal 
dyspnea and hemoptysis seem to be produced by 
pulmonary engorgement secondary to elevation 
of pulmonary venous and capillary pressure, an 
assumption which has been proved in the few 
cases of this condition subjected to hemodynamic 
It is to be noted, however, that bloody 


nocturnal 


studies. 
sputum is not a common feature of atrial myx- 


oma. On the other hand, this patient lacked 


(A) Low power. 


(B) High power. 
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Fig. 6. Microscopic sections of left atrial mass. 
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the classical postural variations of the cardiac 
murmurs, which were, it seems, spontaneously 
produced. 

The absence of two significant auscultatory 
features of mitral stenosis, namely, the loud and 
delayed 1st heart sound and the mitral opening 
snap, together with the lack of rheumatic his- 
tory and the atypical auscultation, led to the 
suspicion of a left atrial tumor, which was con- 
firmed by angiocardiography. The _ electro- 
cardiogram does not seem to be particularly in- 
structive in this condition. Although the oc- 
currence of a mitral opening snap in left atrial 
myxoma has been recently reported, this finding 


Left Atrial ‘Tumor 


must be confirmed before this valuable distin- 
guishing sign between mitral stenosis and left 
atrial tumor is to be discarded. 

The rapid advances in cardiac surgery will 
include more and more patients with atrial 
myxoma, and its correct diagnosis is of utmost 
importance for successful surgical extraction, 
The presence of a mitral diastolic murmur. 
with periodic and spontaneous disappearance, 
with a normal 1st heart sound and no mitral 
opening snap, in a patient without a history of 
rheumatic fever, should arouse the suspicion of a 
left atrial tumor, which will be confirmed by an 


angiocardiogram. 
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Use of Diphenylhydantoin (Dilantin) Sodium in the 


Treatment of Ventricular Tachycardia 


HE SPONTANEOUS reversion of ventricular 
‘oa to a normal sinus rhythm is 
rare. li therefore represents a 
situation calling for prompt diagnosis and 
therapy. Until recently, quinidine and _ pro- 
caine amide (Pronestyl) have been the drugs of 
choice. However, many toxic reactions to these 
drugs have been reported; intravenous ad- 
ministration has been considered only relatively 
safe, even under very carefully controlled con- 
ditions. 

In a recently reported case, Dr. William A. 
Leonard, Jr. (A.M.A. Arch. Int. Med. 101: 
714, 1958) describes a patient with an acute 
posterior myocardial infarction who developed 
ventricular tachycardia, and, in spite of an in- 
travenous dose of 2,300 mg of Pronestyl intra- 
venously, failed to revert to a normal sinus 
rhythm. This amount was given within a 
period of two hours. Because of the develop- 
ment of marked hypotension and widening of 
the QRS complexes without reversion to a nor- 
mal rhythm, the Pronestyl was stopped. 

It has been suggested in the past that central 
nervous system depressants may be effective in 
the treatment of ventricular irritability. Di- 
phenylhydantoin (Dilantin) sodium was found 
to cause cessation of ventricular ectopic activity 
in dogs by Harris (Am. J. Physiol. 163: 505, 
1950; Circulation 4: 522, 1951, and 5: 551, 1952). 
On the basis of this, Dr. Leonard used Dilantin 
intravenously on his patient; prompt reversion 
to a normal sinus rhythm occurred. It was 
necessary to repeat the drug intravenously in 
doses of 250 mg because of the reappearance of 
ventricular tachycardia. In addition, the im- 


apparently 
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pression was gained that a slow intravenous in- 
fusion of 5 per cent dextrose in water containing 
250 mg of Dilantin would maintain an effective 
blood level until such time as adequate oral 
therapy could be instituted. Since the original 
report this method has been found to be effec- 
tive in one additional case. 

The drug has also been used on a larger group 
of patients with other rhythmic disturbances. 
Five patients with supraventricular tachycardia 
who did not respond to vagal stimulation did 
not respond to single or multiple intravenous 
doses of Dilantin. In a group of more than fifty 
patients with auricular or ventricular premature 
beats, it was found that the drug given by 
mouth was completely effective in causing 
cessation of ventricular ectopic activity. There 
was, however, no significant reduction in those 
patients with auricular premature beats. The 
dose range in both groups was from 0.2 to 0.4 
Gm given at regular intervals during the course 
of the day. The average effective dose was a 0.1 
Gm capsule three times daily at eight-hour in- 
tervals. From this it is suggested that the anti- 
rhythmic activity of Dilantin is directly upon 
the ventricular musculature and not due to cen- 
tral nervous system depression. 

Dilantin given intravenously causes a transient 
burning of the entire extremity into which the 
drug is infused. The toxic manifestations of the 
prolonged use of the drug are well known. 
Further investigation, particularly with respect 
to its use in ventricular tachycardia, the proper 
technique of administration, the duration of its 
activity, and the exact mode of its action should 
be carried out. 
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Prevention of Cutaneous Necrosis Due to Norepinephrine 


clinical experience indicates that 
cutaneous necrosis is a common complica- 
tion of norepinephrine administration. Both 
clinical and experimental evidence indicates that 
a slough often occurs in spite of ligation of the 
vein around a cannula. This slough, without 
extravasation, is apparently due to ischemia of 
vein wall and subsequent transudation. 

For evaluation of preventive methods, Drs. A. 
Stephen Close, William H. Frackelton, and 
Ross C. Kory (Ann. Surg. 147: 44, 1958) de- 
veloped a standard procedure, in which small 
amounts of dilute norepinephrine were injected 
intermittently for 4 to 6 hours into the legs of 
hypovolemic dogs. <A 90 per cent incidence of 
slough resulted. After such injections, small 
amounts of Regitine or Priscoline, or both, in 


combination with hyaluronidase prevented 


slough in all cases when infiltrated throughout 
the ischemic areas. 

For clinical trial, they are using 2.5—5.0 mg of 
Regitine and 300 units of hyaluronidase in 10-30 
ml of saline, the amounts depending on the size 
of the area of ischemia. Ischemic areas which 
require this therapy are obvious, providing the 
physician looks for them. The extremity of 
any patient receiving norepinephrine should be 
inspected at least every 3 to 4 hours for areas of 
pallor, coldness, and tenderness at the injection 
site, or along the course of the infusion vein. 

They have used the Regitine-hyaluronidase 
combination for almost three years and have 
not had any instances of systemic reaction to 
the Regitine or any other untoward result. 
The method appears to be of benefit at any time 
up to the appearance of obviously irreversible 
skin changes. 


Readings in Cardiology 


dinarily might escape the attention of cardiolo- 


From time to time, interesting books which or- | 
gists will be briefly reviewed in these columns. | 


Glycogen Storage Disease. Actually the term 
should be “glycogen storage diseases,’’ because at 
least four different types are known. Some 
years ago, von Gierke described the “‘disease”’ as 
one in which glycogen accumulates in the liver 
and kidney cortex. However, as G. T. Cori 
has pointed out in Polysaccharides in Biology,* this 
represents one type which can be called ‘“‘glyco- 
genosis I.”” There are several other types. 

There is the generalized ‘“‘glycogenosis 
in which all tissues which normally contain gly- 
cogen (some of them in very small amounts) now 
contain a large amount. The tongue, for in- 
stance, may contain 15 per cent glycogen. 


Children with glycogenosis II are generally re- 
garded as myxedematous, because they cannot 
keep their huge tongues in their mouths. The 
heart is full of glycogen, which displaces the 
muscle bundles, so the children eventually die 
of heart failure. However, this is not a glyco- 
gen cardiac disease, but a generalized glycogen 
disease. 

Then there is type III, which, according to 
Pauling, could be called a molecular disease, be- 
cause the glycogen has an abnormal configura- 
tion. This abnormal glycogen accumulates in 
the tissues, in muscles in heart, and in liver. 
There is also a type IV, in which the glycogen 
also has an abnormal structure. 

Much of the monograph is devoted to compli- 
cated chemical relationships which are not of 
interest to the cardiologist. In spite of this, it 
will prove of value to those interested in these 
rare conditions. E. G. 


* Polysaccharides in Biology: Transactions of the Third Conference (1957), edited by Georg 


F. Springer. 


Josiah Macy, Jr., Foundation, New York, 1958. 


THE AMERICAN JOURNAL OF CARDIOLOGY 


t 
| 4 


JUNE, 1959 


Book Reviews 


Pathophysiology in Surgery, by James D. 
Hardy. Williams & Wilkins Company, Balti- 
more, Md., 1958, pp. 704, $19.00. 

The author, a general surgeon and a teacher, 
has compiled from an ambitious review of the 
literature and from his own considerable experi- 
ence a concise, well-balanced, and well-docu- 
mented summary of current knowledge of those 
aspects of physiology which he considers es- 
pecially applicable to surgery. And he has done 
an excellent job. The first ten chapters deal 
with principles such as injury, biochemistry of 
body fluids, nutrition, and the physiology of 
connective tissue and wound healing; the last 
eleven deal with the physiology of specific organ 
systems and its derangement in disease. Nu- 
merous illustrations throughout the book, and es- 
pecially Dr. Rodriguez’ diagrams, add greatly to 
its value, and the respect with which the English 
language is treated is commendable. 

The word “surgery”’ in the title is justified be- 
cause the book was written primarily for sur- 
geons, but “‘Clinical Physiology” might have 
been a better title. Certainly the sections on 
the pathophysiology of cancer, radiation and 
radioisotopes, blood transfusion problems, and 
mechanisms of body heat regulation should 
prove as interesting and useful for internists as 
for surgeons. While discussions of individual 
subjects are necessarily brief, the bibliography at 
the end of each section contains selected refer- 
ences to lead easily to a comprehensive study of 
the topic. 

This book should find its greatest usefulness 
among practicing surgeons, but almost any 
physician or medical student will find something 
in it likely to be immediately applicable to pa- 
tient care. Tuos. M. BLAKE, M.D. 


Circulation (Proceedings of the Harvey Ter- 
centenary Congress), edited by John Mc- 
Michael. Charles C Thomas, Springfield, IIl., 
1958, pp. 503, $10.50. 


Doctor McMichael has brought together in 
this book many outstanding papers that were 
presented at the Harvey Tercentenary Congress 
in London. The book is a combination of, first, 


a historical survey of developments in the field of 
the circulation from pre-Harveyan times until 
the present and, second, a review of the present 
knowledge of the circulation. 

In the historical survey Harvey’s own life has 
been considered in detail, and any person con- 
cerned with circulatory studies, whether they be 
clinical or basic, will find this section of the book 
of compelling interest. In Part 2 of the book the 
present knowledge of the circulation is presented 
in the form of reviews by several dozen world- 
famous investigators in the field of the circula- 
tion. In general, the presentation will be pleas- 
ing and illuminating to anyone who has a rea- 
sonable background in the field of medicine, and 
only occasionally does the discussion employ 
more than moderate amounts of technical jar- 
gon. 

This book is especially recommended to all 
persons in the circulation field—especially to 
those who do not already know the history of re- 
search relating to the circulatory system. It is 
also recommended to those who would like a 
composite review of the up-to-date principles of 
circulatory function. 

ARTHUR C. GuyTON, M.D 


Cardiovascular Sound in Health and Disease, 
by V. McKusick. Williams & Wilkins Com- 
pany, Baltimore, Md., 1958, pp. 570, illus. 494, 
$15.00. 


This magnificent book is divided into nine sec- 
tions. The first recounts the history of auscul- 
tation and phonocardiography. ‘The second 
consists of basic technical considerations, includ- 
ing the causes of cardiac sounds and their trans- 
mission in the human body. Section Three de- 
scribes the main characteristics of cardiovascular 
sounds and murmurs. Section Four describes 
in detail the murmurs of the various valvular 
and myocardial diseases plus those of miscella- 
neous thoracic diseases. Section Five briefly de- 
scribes procedures and maneuvers used for the 
study of cardiovascular sounds and murmurs, 
while Section Six deals with sounds and mur- 
murs in animals. Section Seven, probably for 
the first time in a book of this kind, is devoted to 
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the study of respiratory sounds. Following a de- 
scription of “‘miscellaneous sonic phenomena of 
medical interest” there is a technical appendix. 

Reading this book represents a mental treat 
for anyone interested in the heart. The lavish 
documentation and the excellent printing add to 
the pleasure of even leafing through the pages of 
this book. 

A minor criticism is that the author should 
have more clearly separated the studies of “‘con- 
ventional” phonocardiography from those of 
“spectral” phonocardiography. Even though 
based on the study of the same phenomena, even 
though “‘selective and filtered’? phonocardiog- 
raphy actually bridges the gap between the two 
branches, still the different instrumentation re- 
quires a certain different approach in the ex- 
planation of the results of either type of tracings. 
Possibly because of innate modesty, the author 
has leaned backward in the description of the 
part that he has played in the development of 
“spectral”? phonocardiography. ‘Thus, readers 
unfamiliar with the previous contributions of 
McKusick might not realize how much this 
technique was developed through his work. A 
complete bibliography of over 1600 items com- 
pletes the book. 

Both the author and the publisher should be 
congratulated for their parts in this work. 

A. A, LUISADA, M.D. 


Cold Injury—Ground Type, by Tom F. 
Wahyne and Michael E. DeBakey; edited by 
John B. Coates. U.S. Government Printing 
Office, Washington, D.C., 1958, pp. 570, $6.25. 

This excellent report by the Medical Depart- 
ment of the United States Army seems to be the 
best in the series of similar documents. The 
authors and their colleagues are to be congratu- 
lated. 

The historical section is succinct, pertinent, 
and well documented. It sets the theme for the 
entire book. The epidemiology, morbid anat- 
omy, and treatment are presented in a concise 
and clear manner. The illustrations are well 
chosen. 

The relationship of this morbid entity to lo- 
gistics and personnel problems are summarized 
from not only the medical but the staff point of 
view as well. 

It would seem that the prior experience of the 
Medical Department of the Army in the prep- 
aration of the other monographs in the Clinical 
Series has borne good fruit. 

LEsTER BLuM, M.D. 


Die neuzeitlichen Brustwand- und Extre- 
mitaten-Ableitungen in der Praxis, by H. 
Reindell and H. Klepzig. Georg Thieme Ver- 
lag, Stuttgart, 1958, pp. 192, $7.00. 


This is the third edition of a very useful text 
on electrocardiography, excepting disturbances 
of impulse formation and conduction. Its suc- 
cess appeared evident from the quality of its 
first edition in 1951. The discussions in all sub- 
jects are up to date, logical, and clearly pre- 
sented. ‘The vector concept is used throughout, 
although occasional concessions are made to the 
possible existence of significant quantities of local 
potentials in precordial leads. Theory and 
technique are discussed adequately. The vari- 
ous entities, the normal heart, limits of normalcy, 
hypertrophies, conduction defects, and myocar- 
dial infarcts are lucidly discussed in great de- 
tail. The text is well suited to teaching extrem- 
ity-lead and chest-lead electrocardiography. 
The illustrations are numerous, clear and in- 
formative. The bibliography is extensive. The 
printing of illustrations and text is excellent. 
The book is to be recommended. 

ARTHUR GRISHMAN, M.D. 


Die Lungenarterienbahn bei angeborenen 
Herzfehlern, by Kurt Kohn and Marianne 
Richter. Georg Thieme Verlag, Stuttgart, 
1958, pp. 112, $7.00. 


A monograph on the pathology of the pul- 
monary arteries in congenital heart disease is 


most timely. Many decisions in cardiac sur- 
gery are presently made that depend on the de- 
gree of pulmonary circulatory resistance, the 
functional correlate of the anatomic state of vas- 
cular architecture of the lung. A scholarly dis- 
cussion of the knowns, unknowns, and contro- 
versies of the finer anatomy of the pulmonary 
arterioles, venules, bronchial arteries, veins, 
their possible intercommunications, etc., is 
given. A rather complete incorporation of the 
world literature seems to have been accom- 
plished in thischapter. The significance of bron- 
chial-pulmonary arteriolar-venular anastomo- 
ses, their possible existence in the normal lung, 
the provision of sperr (circuit) arteries is greatly 
stressed. 

Forty-one cases of congenital heart disease 
comprise the author’s material for discussion 
and illustrations. The grouping is conventional 
according to the decrease or diminution of the 
pulmonary blood flow. Cases of so-called pri- 
mary pulmonary hypertension are not among 
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the material presented. The emphasis of the 
anatomic analysis is histologic. The case pre- 
sentations are followed by a most detailed, well- 
classified discussion of the pros and cons of the 
numerous facets, from histologic as well as theo- 
retical aspects. “Carryover,” periarteritis, in- 
trinsic thickening, intervascular communica- 
tions, hypoplasia, etc., are all discussed with 
clarity and good critique, delineating well the 
known from the unknown. 

The monograph is most informative to the 
pathologist, physiologist, cardiologist, and car- 
diacsurgeon. ‘The presentation is clear and crit- 
ical. The bibliography is so extensive as to ap- 
pear complete, adding substantially to the book’s 
Printing of text and illustrations is very 
The monograph is highly recommended. 

ARTHUR GRISHMAN, M.D. 


value. 
good. 


Operable Herzleiden: Einfiihrung in Klinik, 
Diagnostik, und Operationsmoglichkeiten, by 
J. Jacobi and M. Loeweneck. Georg Thieme 
Verlag, Stuttgart, 1958, pp. 175, $11.80. 


In 175 pages and 268 illustrations an attempt 
is made to discuss cardiac disease suitable for 
surgical therapy, in its clinical, diagnostic, and 
surgical aspects. ‘The numerous and excellent 
illustrations and the well-organized and simple 
presentation make this book well suited as a 
guide in this field for internists, pediatricians, 
and practitioners. 

The text is brief, clearly written, and well in- 
tegrated with the numerous roentgenograms, 
angiocardiograms, and particularly excellent 
schematic drawings, either in illustrating dy- 
namic states or operative procedures. The book 
is well done—text, illustrations and balance of 
presentation. The drawings particularly are 
superb, and the illustrator, Miss Ingrid Schaum- 
burg, will in large part be responsible for the 
success of the book. 

Not all statements, however, are completely 
acceptable. It is said that the second pulmonic 
sound in valvular pulmonic stenosis is absent, 
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although clearly seen to be of normal amplitude 
in the two phonocardiograms shown. ‘Trans- 
ventricular valvulotomy has not been aban- 
doned in favor of open heart surgery under hy- 
pothermia or with the pump oxygenator. A 
description of intracranial hemorrhages in cases 
of coarctation of the aorta is lacking, as are de- 
scriptions and illustrations of the radiographic 
appearance found in partial or complete aber- 
rant insertion of the pulmonic veins. The dia- 
gram of the relative positions of pulmonic and 
aortic valve does not clearly indicate the an- 
terior position of the latter in the various de- 
grees of rotational errors. The corrected trans- 
position of Rokitansky requires being mentioned. 
The interatrial septal defects should be handled 
in much wider scope, with detailed discussion 
of ostium secundum and primum and cushion 
defects. Electrocardiographic evidence of right 
ventricular hypertrophy is the rule in interatrial 
communications and not just the occasional 
finding. In the tetralogy of Fallot the height of 
the ventricular pressure does not depend upon 
the degree of pulmonic stenosis. Without dis- 
cussing the various associated lesions and forms 
of tricuspid atresia the indication for a Blalock 
or Potts procedure is not evident. Congenital 
aortic and subaortic stenosis is sufficiently im- 
portant to warrant detailed discussion. The 
evaluation of electrocardiograms, sounds, and 
murmurs in the description of constrictive peri- 
carditis should be revised. 

The book is of value to the practicing physi- 
cian. ‘The enumeration of suggested changes is 
done merely to assist in accomplishing perfection 
with the second edition. Altogether they are 
few and should not detract from the value of the 
first one. The bibliography is extensive. A 


true assignment of credit for contributions is 
wanting, giving it a rather provincial outlook. 
This is unfortunate and detracts from the wide 
appeal the book should gain. 
and illustrations is excellent. 


ommended. 


Printing of text 
The book is rec- 
ARTHUR GRISHMAN, M.D. 


College News 


Committee on Physical Fitness 


The Committee on Physical Fitness of the American College of Cardiology is engaged in a long. 
range program concerned with the cardiovascular aspects of community health projects. It is 
cooperating with the National Committee on Physical Fitness of the Youth of the Nation as well 
as with a number of other health and welfare organizations interested in gerontology. Certain 
questions have arisen which, because of their scope and importance, have led the Committee to re- 
quest the assistance and advice of the general membership of the College in developing a policy ade- 
quate to meet the nationwide problems involved. 
The Committee would like to have an expression of opinion in regard to the following questions: 


From your own personal experience, do you believe that periodic physical ex- 
aminations have any value in decreasing the incidence of heart disease? 

From your experience, how often should periodic examinations be made? 

What would you consider the minimum yet adequate cardiovascular procedures 
to be performed in a periodic physical check-up? 

If only a single-lead ECG screening test is used, which lead do you believe is compar- 
able to the V;R monolead test used in children, in detecting heart disease in adults? 
If 3 leads are available, list them in the order of their relative importance in adult 
screening tests. 

Do you believe that every individual should have and keep in his possession a stand- 
ardized health form? 

What is your interpretation of “physical fitness’ insofar as the cardiovascular 
system is concerned? 


(In answering these questions, writing the question number followed by the answer for each question is suffictent. ) 


If every member of the College would spend a few minutes in preparing his answers, an impressive 
volume of important data will be available for high-level evaluation. Please send your answers 
and any comments you may have concerning the concept of physical fitness to ALBERT SALISBURY 
HyMAN, M.D., Chairman, Committee on Physical Fitness, c/o the American College of Cardiology, 
Empire State Building, New York 1, N. Y. 


Cardiology: An Encyclopedia of the Cardiovascular System 


Publication of the first four volumes of Cardi- I—Normal Heart and Vessels; II—Methods; 
ology: An Encyclopedia of the Cardiovascular Sys- II1I—Clinical Cardiology; IV—Clinical Cardi- 
tem (sponsored by the American College of  ology—Therapy; V—Related Fields. The in- 
Cardiology and edited by Aldo A. Luisada, dividual volumes will be in loose-leaf form. 
M.D., F.A.C.C.) will be completed by late fall, Supplements, providing either revised or new 
1959. The fifth volume will be available in the 

: material, will be issued at two-year intervals 
beginning in 1962 

Volume I will contain some 650 pages; — , 
Volumes II, III, and IV will contain between Members of the College may obtain the 
800 and 1000 pages each; Volume V, approxi- series at a special discount. For information, 
mately 500 pages. The titles are as follows: please write the Secretary of the College. 
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248 
effect of various drugs on, 668 
in congenital heart disease, 799 
in coronary artery disease, 103, 111 
in evaluation of surgery for coronary heart disease, 54 
after a heavy meal, 111 
after internal mammary artery ligation, 71 
in mitral valve disease, 794 
in myocardial infarction, 236 
precursor of, 247 
in rheumatic fever, 533 
three-plane, in heart failure, 384 
Ballistocardiography, 103, 111, 236, 242, 247, 384, 533, 
668, 794, 799 
Beck I operation, for coronary heart disease, 61 
Bicuspid conversion, in aortic regurgitation, 6 
Blood flow, coronary, effect of vasopressor drugs on, 626 
Blood pressure, systemic, effect on coronary blood flow, 
626 
Blood volume, central, in mitral stenosis, 40 
Book Reviews 
Burwell, C. S. and Metcalfe, J.: Heart Disease and 
Pregnancy: Physiology and Management, 573 
Beckman, H.: Drugs: Their Nature, Action and Use, 573 
Edwards, W. S.: Plastic Arterial Grafts, 422 
Gardberg, M.: Clinical Electrocardiography, 271 
Goerttler, K.: Normale und pathologische Entwicklung 


Arterenol, effect on BCG, 671 
Arteriosclerotic heart disease, mortality in, 605 
Arteriosclerotic psychoses, 602 
Arteritis, aortic arch, diagnosis, 414 (PN) 
brachial, 414 (PN) 
Arthritis, rheumatoid, and periarteritis nodosa lesions, 
662 
Ascites, treatment, 567 (PN) 
\synchronism, electrical and mechanical, 482 
Asystole, prolonged ventricular, in Adams-Stokes dis- 


ease and syndrome, 692 


des menschlichen Herzens, 705 

Gumpert, T. R.: Basic Cardiology, 270 

Hardy, J. D.: Pathophysiology in Surgery, 835 

Heymans, C. and Neil, E.: Reflexogenic Areas of the 
Cardiovascular System, 267 

Holldack, K. and Wolf, D.: Atlas und Kurzgefasstes 
Lehrbuch der Phoncardiographie, 270 

Homburger, F. and Bernfeld, P.: The Lipoproteins: 
Methods and Clinical Significance, 268 

Hosler, R. M.: A Manual on Cardiac Resuscitation, ed. 2, 
269 
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Jacobi, J. and Loeweneck, M.: Operable Herzleiden: 
Einfiihrung in Klinik, Diagnostik, und Operations- 
méglichkeiten, 837 

Jokl, E.: The Clinical Physiology of Physical Fitness and 
Rehabilitation, 267 

Keith, J. D., Rowe, R. D., and Vlad, P.: Heart Disease 
in Infancy and Childhood, 704 

KGhn, K. and Richter, M.: Die Lungenarterienbahn bei 
angeborenen Herzfehlern, 836 

Kossmann, C. E. (ed.): Advances in Electrocardiography, 
269 

Lamb, L. E.: Fundamentals of Electrocardiography and 
Vectorcardiography, 422 

McKusick, V.: Cardiovascular Sound in Health and Dis- 
ease, 835 

Page, I. H. (ed.): Chemistry of Lipides as Related to 
Atherosclerosis—A Symposium, 424 

Puech, P.: L’ Activité Electrique Auriculaire: Normale et 
Pathologique, 423 

Redisch, W., Tangco, F. F., and Saunders, R. L. deC.: 
Peripheral Circulation in Health and Disease, 423 

Reindell, H. and Klepzig: Die neuzeitlichen Brustwand- 
und Extremitaten-Ableitungen in der Praxis, 836 

Riseman, J. E. F. and Sagall, E. L.: Electrocardiogram 
Clinics, 704 

Selye, H.: The Chemical Prevention of Cardiac Necroses, 
703 

Springer, G. F. (ed.): Polysaccharides in Biology: Trans- 
actions of The Third Conference (1957), 834 (PN) 

Stephenson, H. E.: Cardiac Arrest and Resuscitation, 572 

Teschendorf, W.: Lehrbuch der Roentgenologischen Dif- 
ferentialdiagnostik: Vol. I. Diseases of the Chest, ed. 
4, 571 

Whayne, T. F. and DeBakey, M. E. (ed. J. B. Coates): 
Cold Injury—Ground Type, 837 

Wild, J. B.: Fundamentals in Cardiology, 268 

Bradycardia, during cardiac surgery, treatment, 622 
Bundle branch block, left, 701 (QC), 772 
diagnosis, 472 
right, 737, 771 
Bypass procedure, cardiopulmonary, 7 


Crarbethoxysyringoy! methylreserpate, in hypertension, 
220 
Cardiac arrest, hypothermia in, 130 (PN) 
Cardiac cell, electrophysiology of, 361 
Cardiac compensation, 171 
Cardiac failure, SGO-T levels in, 82 
see also Heart failure 
Cardiac output, in mitral stenosis, 40 
Cardiac Resuscitation 
Man in vivo: A three-dimensional view of resuscita- 
tion stressing the integration of form, function, 
and timing, 132 
Historical notes on cardiorespiratory resuscitation, 416 
Cardiac size, after mitral commissurotomy, 48 


Cardiopexy, results of, 68 


Cardiovascular disease, and psychoses, 597 
Cardiovascular dynamics, and adiposity, in dogs, 647 
Carotid sinus pressure, in bidirectional tachycardia, 347 
Catheterization, heart, in diagnosis of patent ductus ar- 
teriosus, 740 
after mitral commissurotomy, 46 
in mitral valve disease, 28 
left heart, in intracardiac ECG, 495 
transseptal, technique for, 653 
right and left heart, 472 
in asynchronism, 482 
Catron, 542 
Central nervous system disorders, SGO-T levels in, 83 
Chlorazanil, in edema, 148 
Chlorothiazide, in angina pectoris, 180 
in congestive heart failure, 167, 185 
in hypertension, 203, 214 
Cigarette test, BCG, in coronary heart disease, 106 
Cholesterol, in production of myocardial infarction, 94 
Circulation, peripheral, after Beck I operation, 61 
Climate, effect on rheumatic-fever patients, 754 
Coarctation of aorta, 570 (QC) 
BCG in, 800 
with interventricular septal defect, management, 752 
and pregnancy, 699 (PN) 
Cogan’s syndrome, and periarteritis nodosa lesions, 663 
College News, 136, 272, 425, 574, 706, 838 
Committees for 1958-1959, 576 
Eighth Annual Meeting (1959), 706 
Convention Activities, 711 
Scientific Program, 706 
State and Area Governors, 578 
Coronary artery disease, diagnosis, 579 
surgery for, 421 (QC) 
therapy, 551 
Coronary heart disease, BCG evaluation of surgical 
treatment, 54 
Beck I operation, 61 
Coronary inflow, reduction of, 640 
Coronary insufficiency, diagnosis, 79 
Coronary profile, 579 
Coumadin sodium, 118 


Diagnostic Shelf 
Austin Flint murmur vs. mitral stenosis, 565 
The electrocardiogram in hyperparathyroidism, 411 
Electro-vectorcardiography: A simple method of 
studying vectorcardiography using the conven- 
tional electrocardiogram, 124 
Evaluation of an abdominal continuous murmur, 257 
Mitral stenosis vs. left atrial tumor, 829 
Diet, high-cholesterol, in experimental myocardial in- 
farction, 94 
Dietary fat restriction, BCG, in, 108 
Digitalis, in arrhythmias, 429, 722 
in congestive heart failure, 185 
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diuretic effect, 780 
effect on BCG, 672 
effect of electrolytes on, 348 
and extrasystoles, 356, 622 
in heart block, 569 (QC) 
intoxication, 348 
sensitivity to, 121 
in ventricular tachycardia, 300 
Digitalization, presurgery, 621 
with quinidine therapy, 331, 333 
Dilantin, 391, 834 (PN) 
Diuretic agents, pharmacologic limitations, 139 (E) 
in therapy of congestive heart failure, 144 
Diuretic therapy, 148, 162, 167, 180, 676 
in hypertension, 202 
Diuril, 676 
Drugs, effects on BCG, 668 
effects on SGO-T and SGP-T, 89 
Ductus arteriosus, aneurysm of, 397 
patent, associated with interventricular septal defect, 
management, 751 
BCG in, 800 
with mitral insufficiency, 740 


Ebstein’s disease, ECG in, 461 
Ectopic beats, during cardiac surgery, management, 622 
mechanism of origin, 351 
Edema, intra-arterial, 657 
therapy, 676 
Editorials 
The arterial muscle fiber: A proposed new approach 
to the source of essential hypertension, 137 
Cardiac arrhythmias complicating surgery, 427 
Direct operations in tetralogy of Fallot, 1 
Drugs which alter the metabolism of vasoactive mono- 
amines, 273 
The pharmacologic limitations of diuretics, 139 
Electrocardiogram, in auricular overloadings, 453 
after cardiopexy, 69 
effect of vasopressor drugs on, 626 
in congenital heart diseases, 713 
in hyperparathyroidism, 411 (DS) 
after mitral commissurotomy, 48 
in myocardial infarction, 103 
in quinidine intoxication, 295, 298 
in ventricular septal defect, 721 
work, 430 
Electrocardiography, fetal, 130 (PN) 
intracardiac, 495 
Electrolyte balance, in diuretic therapy, 162 
Electrolyte depletion, in congestive heart failure, 192 
Electrolytes, effect on digitalization, 348 
in heart action, 787 
Electrophysiology of cardiac cell, 361 
Electro-vectorcardiography, 124 (DS) 
Embolism, fat, treated with heparin, 699 (PN) 


pulmonary, 567 (PN) 
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SGO.T levels in, 80 
Emotional stress, and coronary occlusion, 590 
Endocrine disease, with heart disease, 172 
Epinephrine, effect on BCG, 672 
in heart block, 340 
Equanitrate, 547 
Esidrix, 411 (PN) 
Ethylene diamine tetraacetic acid, in bidirectional tachy- 
cardia, 345, 348 
Exercise test, BCG, in coronary heart disease, 105 
ECG, procedure, 430 
Extrasystoles, 325 
and digitalis, 356, 622 
with fixed coupling, 352 
mechanism of origin, 351 
preceding anginal attack, 620 
and procaine amide, 357 
and quinidine, 357 
return, 352, 365 


Fetus, ECG in evaluation of, 130 (PN) 
Fibrillation, atrial, and hyperthyroidism, 314 
mechanism, 361 
paroxysmal, 428 
quinidine therapy of, 325 
reserpine therapy of, 314 
auricular, etiology, 421 (QC) 
treatment, 333 
cause of death, 639 
electrical manifestations, 361 
ventricular, and sudden death, 624 
during surgery, treatment, 428 
Fibrillation index, 624 
Flumethiazide, evaluation of diuretic response, 676 
side effects, 679 
Flutter, atrial, 326 
mechanism, 361 


Ganglionic blocking agents, in hypertension, 208 
Glomerulonephritis, BCG in, 538 

Glycosides, cardiac, pharmacology of, 776 
Granulomatosis, 626 


Heart block, BCG in, 807 
steroid therapy for, 701 (QC) 
Heart disease, congenital, BCG in, 799 
ECG in, 713 
coronary, death-producing factors in, 639 
ECG diagnosis, 430, 440 
relationship of work to, 261 (WC) 
Heart failure, BCG in, 385 
congestive, 414 (PN) 
diuretic therapy, 144, 167 
intractable, treatment, 250 
salt intake in, 184 
and gastric ulcer, 259 (PN) 
Heart muscle, destruction of, 640 
Hedulin, 551 
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Heparin, sublingual, in hypercholesteremia, 569 (QC) 
in treatment of fat embolism, 699 (PN) 
Historical Milestones 
Armand Trousseau: Lecture on angina pectoris, 558 
Early impressions of mediate auscultation by James 
Clark, 254 
William Cullen on dropsy, anasarca, and hydrothorax, 
811 
Hydralazine, in hypertension, 207 
Hydrochlorothiazide, in congestive heart failure, 144, 
414 (PN) 
pharmacology, 113 
Hydrodiuril, 414 (PN) 
Hydrothorax, 818 
Hyperparathyroidism, ECG in, 411 (DS) 
Hypersensitivity states, and periarteritis nodosa lesions, 
660 
Hypertension, cause of arrhythmias, 632 
digitalis therapy of, effect on BCG, 673 
essential, source of, 137 
treatment, 199, 214 
malignant, and periarteritis nodosa lesions, 658 
pathogenesis, 199 
pulmonary, and patent ductus arteriosus, 740 
and periarteritis nodosa lesions, 660 
sodium intake in, 259 (PN) 
treatment, 199, 214, 220 
Hypertensive heart diseases, mortality, 605 
Hyperthyroidism, and atrial fibrillation, 314, 363 
pulse waves in, 515 
Hypertrophy, right ventricular, 737, 772 
left ventricular, 773 
Hyponatremia, 193, 195, 196 
Hypotension, during cardiac surgery, treatment, 622 
Hypotensive agents (reserpine), 314, 320 
Hypothermia, in treatment of CNS injury following car- 
diac arrest, 130 (PN) 


Industry, and heart-disease mortality, 605 
Internal mammary artery ligation, results of, 71 
Intracardiac electrocardiography, 495 
Iproniazid, in angina pectoris, 274, 544 
Isoproterenol, in complete A-V block, 336 
effect on BCG, 671 
side effects, 340 
Isuprel, 336, 671, 697 


Kidneys, injury to, and periarteritis nodosa lesions, 658 


Lactic dehydrogenase, serum levels in heart disease, 587 
Letters to the Editor 
Myocardial infarction in the Negro, 129 
see also Query Corner 
Levophed, 671 
Lipids, serum, and BCG, 242, 248 
Liver diseases, SGO-T levels in, 85 
Low-salt syndromes, in congestive heart failure, 192 


Lungs, involvement of, in periarteritis nodosa lesions, 
660 
see also Pulmonary diseases, etc. 
Lupus erythematosus, BCG in, 537 


Marfan’s syndrome, clinical features and diagnosis, 681 
Marsilid, 544 
Massage, cardiac, 417 (CR) 
Master tests, one- and two-step, in coronary heart dis- 
ease, 430 
two-step test, in coronary artery disease, 444 
Mecamylamine and meprobamate, in hypertension, 229 
Medicolegal problems, in cardiac trauma, 613 
see also Cardiac Resuscitation 
Melanomatosis, involving the heart, 554 
Meprobamate, in angina pectoris, 547 
in hypertension, 229 
Methoxamine hydrochloride, 307 
Mitral commissurotomy, results of, 45 
Mitral insufficiency, BCG in, 795 
with patent ductus arteriosus, 740 
Mitral regurgitation, diagnosis, 25 
Mitral stenosis, and atrial fibrillation, 363 
BCG in, 795 
diagnosis, 829 
ventriculographic findings in, 24 
Mitral valve disease, BCG in, 796 
cardiac ventriculography in, 22 
pulmonary function in, 28 
Mitral valve lesions, ECG in, 454 
Mitral valve surgery, selection of patients, 22 
Monoamines, vasoactive, 273 (E) 
Mononucleosis, infectious, BCG in, 537 
Murmur, abdominal continuous, 257 (DS) 
Austin Flint, 565 (DS) 
Muscle fiber, arterial, 137 
Myocardial failure, 386 
Myocardial infarction, anatomic features of, 94 
BCG in, 236 
BCG precursor of, 247 
dietary production of, 94 
early, ST segment in, 276 
in the Negro, 129 (LE) 
prognosis, 238 
SGO-T levels in, 75 
transmural, LDH levels in, 89 
SGO-T levels in, 89 
Myocarditis, nonrheumatic, BCG in diagnosis, 537 
rheumatic, BCG in, 533 
Myopericarditis, rheumatic, SGO-T levels in, 80 
Myxoma, of heart, 823, 829 
left atrial, 829 


Necrosis, cutaneous, 834 

Neohydrin, 676 

Neo-Synephrine, 428, 670 

Nitroglycerin, and anginal pain, 639 
in arrhythmias, 620 
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effect on BCG, 670 
effect on myocardial ischemia, 638 
and exercise ECG, 639 
Nitroglycerin unit, 645 
Noradrenalin, and coronary circulation, 632 
ECG changes caused by, 631 
Norepinephrine, 273, 761 


Occlusion, coronary, blood flow in, 628 
and cardiac trauma, 615 
and emotional stress, 590 

Overload, systolic and diastolic, 717 

Quabain, 779, 780 

Oxygen content, of heart, 639 

Oxygen differential, 624, 639 

Oxygen saturation, atrial, 690 


P wave, in disease, 454 
normal, duration of, 449 
in ventricular septal defect, 723, 735 
Pacemaker, artificial, in prolonged diastole, 692 
Pacemaker cells, 355, 362 
Pancreatitis, SGO-T levels in, 88 
Papaverine, and exercise ECG, 639 
Parasystole, 357 
Pentaerythritol tetranitrate, in angina pectoris, 547 
and exercise ECG, 639 
Periarteritis nodosa, associated syndromes, 656 
lesions, pathology and etiology of, 656, 657 
therapy, 664 
Pericarditis, postinfarction, 266 (QC) 
SGO-T levels in, 80 
transaminase levels in, 421 (QC) 
PETN See Pentaerythritol tetranitrate 
Phenylephrine, effect on BCG, 670 
Phenylindandione, in coronary artery disease, 551 
Plethysmography, 511 
Pneumonia, BCG in, 538 
Postcommissurotomy syndrome, 701 (QC) 
Precordial leads, right, in congenital heart disease, 713 
Pregnancy, and coarctation of aorta, 699 (PN) 
Premature beats, in asynchronism, 482 
Premenstrual fluid retention, 173 
Procaine amide, in arrhythmias, 428, 622 
and extrasystoles, 357 
in ventricular fibrillation, 697 


Procaine amide intoxication, ECG changes and treat- 


ment, 758 
Progress Notes in Cardiology 


Brachial arteritis or aortic arch arteritis (pulseless dis- 


ease), 414 


The clinical use of hypothermia following cardiac 


arrest, 130 
Coarctation of the aorta and pregnancy, 699 
Fetal electrocardiography, 130 
Hydrochlorothiazide, 414 


Prevention of cutaneous necrosis due to norepi- 


nephrine, 834 
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Pulmonary embolism and infarction, 567 


Relation between cardiac failure and gastric ulcer in 


the older age groups, 259 


Sodium restriction in experimental renal hyperten- 


sion, 259 
Treatment of fat embolism with heparin, 699 


Treatment of intractable ascites by bilateral adren- 


alectomy, 567 


Use of diphenylhydantoin (Dilantin) sodium in the 


treatment of ventricular tachycardia, 833 
Pronestyl, 428, 697 
Psychoses, cardiovascular disease in, 597 
Pulmonary diseases, ECG in, 462 


Pulmonary function, in mitral valve disease, hemody- 


namic and ventilatory studies, 28 

Pulmonary stenosis, in tetralogy of Fallot, 1 (E) 

BCG in, 805 

ECG patterns in, 716 
Pulmonary vascular pattern, in mitral stenosis, 40 
Pulmonic stenosis, ECG in, 456 
Pulse velocity, measurement, 515 
Pulse wave, morphology, in vascular diseases, 511 
Pulseless disease, 414 (PN) 
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Anterior chest wall syndrome, 266 
Causes of auricular fibrillation, 421 
Coarctation of the aorta, 570 
Digitalis in heart block, 569 
Left bundle branch block, 701 
Letter to the Editor, 420 
Postcommissurotomy syndrome, 701 
Postinfarction pericarditis, 266 
Steroid therapy for heart block, 701 
Sublingual heparin therapy, 569 
Surgery for coronary disease, 420 
Transaminase in pericarditis, 421 
QRS complex, in ventricular septal defect, 723 
Quinidine, in arrhythmias, 325, 428, 622 
in auricular fibrillation, 333 
biochemical effects, 297 
side effects, 325 
Quinidine intoxication, 331 
sodium lactate in, 294 


Radioactive iodine therapy, BCG in, 108 
Rauwolfia, in hypertension, 206 
Reciprocal rhythm, 365 
Renal damage, in hypertension, 209 
Reserpine, 274 
in atrial fibrillation, 314 
bradycrotic effect of, 314, 320 
hypotensive effect, 320 
Respiratory function, 132 (CR) 
Resuscitation, respiratory, 416 (CR) 
Revascularization procedures, BCG in, 109 
evaluation, 68 
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Rheumatic fever, BCG changes during, 353 
effect of climate on, 754 
long-term follow-up study, 754 


Salt, intake of, in congestive heart failure, 184 
Schizophrenia, and cardiovascular disease, 600 
Scleroderma, BCG in, 538 
Septal defect, atrial, ECG in, 458 
BCG in, 803 ‘ 
interatrial, ECG patterns in, 715 
interventricular, and associated vascular anomalies, 
746 
ECG in, 733 
surgical correction of, 746 
ventricular, 1 (E) 
BCG in, 806 
ECG in, 721 
hemodynamics, 721 
Serotonin, 273 (E) 
Serum glutamic oxalacetic transaminase levels, in heart 
disease, 587 
see also Transaminase 
Serum glutamic pyruvic transaminase levels, in heart 
disease, 587 
see also ‘Transaminase 
Sinus, aortic, ruptured aneurysm of, 404 
Sinus rhythm, restoration of, 307 
Skeletal muscle disorders, SGO-T levels in, 83 
Sodium, concentrations, serum, in congestive heart 
failure, 192 
excretion, effect of chiorazanil on, 148 
intake, in hypertension, 202 
restriction, in congestive heart failure, 184 
in renal hypertension, 259 (PN) 
Sodium lactate, molar, in procaine amide intoxication, 
761 
in quinidine intoxication, 294 
ST segment deviations, in angina pectoris, 276 
chemical origin, 276 
in myocardial ischemia, 277 
in noncardiac conditions, 291 
Standstill, ventricular, treated with external pacemaker, 
698 
Strain, cardiac, and heart disease, 611 
Su-3118, in hypertension, 220 
Sump phenomenon, in treatment of congestive heart 
failure, 250 
Syphilis, and cardiovascular disease, 601 
Systoles, premature, during surgery, treatment, 428 
premature ventricular, 365 


Tachycardia, bidirectional, ECG in, 343 
treatment, 345, 349 
paroxysmal, 379 
supraventricular, during surgery, treatment, 428 
sinus, and Beck operation, 619 
during surgery, treatment, 428 


ventricular, 300, 327, 833 
Takayasu disease, 414 (PN) 
Temperature of extremities, after Beck I operation, 62 
Tetralogy of Fallot, BCG in, 808 

ECG in, 457 

surgical treatment, 1 (E) 
Thoracentesis, in congestive heart failure, 250 
Thrombosis, and emotional stress, 594 
Thyrotoxicosis, and atrial fibrillation, 314, 363 

see also Hyperthyroidism 
Transaminase levels, with cardiac trauma, 614 

in coronary heart disease, 587 

in pericarditis, 421 (QC) 
Transaminase test, evaluation of, 74 
Transposition, of great vessels, ECG in, 459 
Trauma, cardiac, diagnosis, 614 

and heart disease, 611 
medicolegal problems in, 613 
Tricuspid disease, pulmonary hypertension in, 525 
Tricuspid insufficiency and stenosis, diagnosis, 517, 519- 
524 

Tricuspid valve, physiopathology, 517 
Tumor, left atrial, diagnosis, 829 


Ulcer, gastric, and cardiac failure, 259 (PN) 


Urticaria, after anticoagulant administration, 118 


V alsalva, sinus of, ruptured aneurysm, 688 

Valsalva maneuver, in bidirectional tachycardia, 347 

Vascular diseases, pulse wave in, 511 

Vasoconstrictor drugs, 273 (E) 

Vasopressor drugs, effect on coronary blood flow, 626 
effect on ECG, 626 

Vasoxyl, 307 

Vectorcardiogram, in left bundle branch block, 480 
linear, method and use, 766 

Vectorcardiography, 124 (DS), 766 
in mitral disease, 463 

Vena cava, persistent left superior, associated with in- 

terventricular septal defect, management, 751 

Ventilatory studies, in mitral valve disease, 28 

Ventricular tachycardia, digitalis therapy of, 300 

Ventriculography, in mitral valve surgery, 22 

indications, 26 


W.1191-2, 162 

W-1753-1, 162 

Warfarin sodium, 118 

Water excretion, effect of chlorazanil on, 148 

Wave forms, BCG, terminology, 386 

Wedensky effect, 354 

Wolff-Parkinson-White syndrome, 482, 772 

Work-electrocardiogram test, 431 

Workmen’s Compensation for the Cardiac 
Relationship of work to heart disease, 261 


Xylocaine, in treatment of arrhythmias, 428 
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The Right Precordial Leads in Congenital Heart Diseases Manifesting Right Ventricu- 
lar Preponderance 
ALBERT M. St_ver, LAmMBrRos E. SIDERIDES, AND A. ANTONIUsS 713 


This article records a careful study of the electrocardiographic pattern of right precordial leads in 91 cases 
of congenital heart disease manifested by right ventricular preponderance. The duration of the initial r 
wave in rsR’ patterns was found valuable in differential diagnosis. A prolonged initial r represents dis- 
turbance in activation of the ventricle and occurs in cases in which there is increased volume work with 
dilatation of the right ventricle (atrial septal defect). A short initial r (also qR, rR’ or notched R) in the 
rsR’ pattern represents hypertrophy of the crista supraventricularis with or without hypertrophy of the 
right ventricular wall (pulmonic stenosis, tetralogy of Fallot). A tall R wave or Rs represents hyper- 
trophy of the free right wall with rotation of the heart. 


Ventricular Septal Defect: Correlation of Electrocardiographic and Hemodynamic 
Findings in 60 Proved Cases 
ToscAno-BARBOzA AND JAMES W. DUSHANE 721 


Sixty cases of proved ventricular septal defect were divided into three groups, according to the configura- 
tion of the QRS in V;. Group 1 (20 cases) showed right ventricular overloading in V; and hemodynamic 
measurements indicating increased right ventricular flow. Group 2 (10 cases) showed either normal 
ventricular complexes in V, or evidence of systolic overloading of the right ventricle, with elevated pul- 
monary artery pressure produced by a defect in the outflow tract. Group 3 (30 cases) was an inter- 
mediate group in which no quantitative relationship could be demonstrated between the ECG findings 
and right ventricular pressure. Varying degrees of right ventricular hypertension were present, produc- 
ing combined systolic and diastolic overloading. Associated evidence in V¢ of left ventricular overload- 
ing could be demonstrated in from 60 to 78 per cent of all cases. The authors believe that the location as 
well as the size of the septal defect is an important factor in determining the type and degree of overload- 
ing of the right ventricle. 


Reassessinent of Electrocardiographic Findings in Isolated Interventricular Septal 
Defect . . . . . E. WARREN AND ALFRED L. JANNICELLI 733 


The authors present electrocardiographic studies of 51 patients with isolated interventricular septal de- 
fect. Right ventricular hypertrophy occurred in 44 per cent, left ventricular hypertrophy in 10 per 
cent, and combined hypertrophy in 22 per cent. The electrical axis deviation followed no consistent 
pattern, did not differ appreciably from that found in normal children, and was dependent on position 
and rotation of the heart as well as on the potential differences in the ventricles. There was no significant 
correlation between ventricular hypertrophy, axis deviation, and heart position. The vectorcardiogram 
appears to be superior to the electrocardiogram in differentiating incomplete right bundle branch block 
and right ventricular hypertrophy. The anatomic defect in the ventricular septum is the basis for cer- 
tain physiologic changes reflected electrocardiographically. 
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Mitral Insufficiency and Pulmonary Hypertension Accompanying Patent Ductus 


Arteriosus: Report of Three Cases 
LEONARD M. LINDE AND Forrest H. ADAms 


Three unique cases of patent ductus arteriosus are described for the first time in association with pul- 
monary hypertension and mitral insufficiency. In each case the initial diagnosis was ventricular septal 
defect because of the absence of the typical to-and-fro machinery murmur and the presence of a loud 
blowing systolic murmur. All had ECG and x-ray evidence of enlargement of the left atrium, both ven- 
tricles and pulmonary artery, and catheterization evidence of a patent ductus with pulmonary hypertension. 
Closure of the ductus resulted in great clinical improvement, but the loud systolic murmur persisted and 
the presence of mitral insufficiency subsequently became obvious. The importance of early diagnosis 
and closure of the ductus in these cases, to prevent progressive pulmonary vascular changes, is stressed. 


Interventricular Septal Defects with Associated Major Vascular Anomalies: Report 


Five 


of Three Cases GEORGE ROBINSON, PHILIP GLOTZER, MARVIN GILBERT, 
Doris J. W. EscHER, AND ELuiott S. Hurwitt 


The physiologic considerations and technical problems related to the successful surgical correction of in- 
terventricular septal defects with associated major vascular anomalies constitute the scope of this in- 
structive article. Illustrations are taken from three cases of open-heart repair of interventricular septal 
defects complicated by patent ductus arteriosus, persistent left superior vena cava, anomalous pulmonary 
venous drainage, and/or coarctation of the aorta. 


and Ten Year Follow-up Study of Rheumatic Patients: Role of Climate and 
Environment 
Mitton S. Sastaw, F. A. HERNANDEZ, AND HAZEL ELLEN RANDOLPH 


This article indicates that the well-known benefits of Miami weather extend to children with rheumatic 
heart disease. Although the Miami series of 133 cases is smaller than the larger groups reported from 
Boston, New York, Philadelphia, and Iowa City, the comparative data show a significantly lower death 
rate, fewer recurrences, and less heart damage in the children treated in Miami, apparently due to the 
favorable climatic and environmental conditions. 
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Treatment of Procaine Amide Intoxication: An Experimental Study 


The 


FRED WASSERMAN, LEONARD Bropsky, JOHN H. KATHE, Morris M. Dick, 
AND L. RODENSKY 


Many of the cardiotoxic effects of procaine amide in dogs, such as arrhythmias and intraventricular 
conduction defects, can be reversed by molar sodium lactate. The combination of /-norepinephrine in 
conjunction with molar sodium lactate proved useful in combating the hypotensive effects of procaine 
amide intoxication. A priming dose of molar sodium lactate administered before the procaine amide 
markedly increased the tolerance to procaine amide and significantly delayed the cardiotoxic effects. 
Other observations indicate that intravenous procaine amide has fewer undesirable effects than intra- 
venous quinidine sulfate. The clinical applications of this animal research are still being studied. 


Linear Vectorcardiogram . . . . . . . LAWRENCE E. LAMB 


This paper describes and illustrates a simple method of presenting the vectorcardiogram against time on 
a coordinate graph. The author believes this method will permit the utilization of the fundamental pa- 
rameters of the vectorcardiogram in arrhythmias and may clearly delineate the endpoints of such events as 
atrial excitation, QRS excitation, and the onset of recovery, which remains difficult with the standard 
methods of vectorcardiography. The changes in myocardial infarction, conduction defects, and ventric- 
ular hypertrophy are well illustrated. It is still too early to ascertain the extent of clinical usefulness of 
the method. 
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Review 


Pharmacology of Cardiac Glycosides . . . . . +. Hans STAuB 


\ distinguished investigator pauses to review and organize the important information on the dynamic 
pharmacologic effects of digitalis—localization of action, mechanism of diuresis, the transportation, distri- 
bution, and elimination of the cardiac glycosides, and the mechanism of digitalis action as related to the 
energy-forming and physiochemical processes in the myocardium. Without relinquishing the historical 
perspective (Dr. Staub attributes Withering’s discovery of digitalis to his wife), the reviewer manages skill- 
fully and cogently to relate the older work to the far-reaching newer investigations in cardiac contraction 
and metabolism. He concludes that there is now support for the supposition that the cardiac glycosides 
act on the permeability of membranes; thereby removing the defective transformation of oxidative energy 
to cardiac work. 


Seminar on Ballistocardiography (Part 1X) 
The Ballistocardiogram in Mitral Valvular Disease . . . . PreERRE R. MorReT 


Fairly consistent patterns on the direct-body acceleration BCG distinguish each of the three most important 
groups of mitral valvular pathology. This is not true for the displacement or velocity records. Although 
characteristic, these patterns are not specific for these lesions only, since they demonstrate a form of cardiac 


malfunction rather than a specific valvular defect. 


The Ballistocardiogram in Congenital Heart Disease . . CHARLES B. HENDERSON 


Correlative studies were carried out on 134 patients with congenital heart disease. Diagnoses were 
based on cardiac catheterization, electrocardiogram, x-ray, cardiac surgery, and autopsy findings. BCGs 
were obtained before catheterization and pre- and postoperatively. The BCG was found to have little or 
no value in the anatomic diagnosis of congenital heart disease, but frequently presented valuable informa- 
tion as to the severity of the abnormal hemodynamics present. Postoperative tracings usually confirmed 
the improvement in the patient’s cardiovascular function. 


Historical Milestones 


William Cullen on Dropsy, Anasarca, and Hydrothorax Ls a SAUL JARCHO 


This “historical milestone” introduces one of the greatest medical teachers in the eighteenth century, Dr. 
William Cullen of the University of Edinburgh. His writings, although generally regarded as unorig- 
inal, are valuable because they are clear, systematic summaries of the state of medical knowledge at that 
time and show what was taught in the best university circles. Excerpts from his famous textbook 
First Lines of the Practice of Physic, dealing with dropsy, anasarca, and hydrothorax, are presented as exam- 
ples of his observations on these subjects. 


Case Report 


Myxoma of the Heart: Report Based on Four Cases 
JOCHANAN H. Boss AND MorRDECHAI BECHAR 


The authors record the pertinent clinical and postmortem data in four cases of myxoma of the heart. 
Three patients presented as a severe cerebrovascular disorder with embolic phenomena; the fourth 
patient died of intractable cardiac insufficiency, apparently due to narrowing of the mitral opening. 
The clinical picture may also resemble that of subacute bacterial endocarditis. 
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Nature of the “L-plus” factor 


Clinical studies with controlled diets have demon- 
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cannot be synthesized in our bodies, so must be 
supplied in the diet. 


New concepts of the 


Value of 
Corn Oil © 
to health 


It contains an effective combinatio 
of linoleates and other lipids 
... Which we call the “L-plus’ facto 


EACH TABLESPOONFUL (14 Gi 
MAZOLA PROVIDES APPROXIMA 


Natural tocopherols 
Total unsaturated fatty acids 


<5 
BER 
— —+—}— Natural sitosterols ..... . 130 
16 
i 


of all leading U.S. brands 
only Mazola” is pure Corn Oil 


HESE clinical findings about corn oil 
‘ae a new concept in nutrition... 
control of blood cholesterol levels may be 
possible without drastic dietary restric- 
tions. This has aroused great interest be- 
cause atherosclerotic plaques contain large 
amounts of cholesterol. 


Every well-balanced diet includes carbo- 
hydrates, proteins and fats along with 


FREE 


“Cooking For Health 
With Mazola Corn Oil” 


Prepared as a special service for 
= Physicians by Corn Products Co. 


adequate amounts of vitamins and min- 
erals. Many nutritionists now suggest that 
one-third to one-half of the total fat should 
be the unsaturated, vegetable oil-type, 
particularly when blood cholesterol con- 
trol is a problem. 

MAZOLA Corn Oil . . . rich in the ““L-plus”’ 
factor . . . can advantageously be used to 
achieve this ratio. 


Medical Department 
Corn Products Company 
17 Battery Place, New York 4, N. Y. 


Please send me a free copy of your latest refer- 
ence book, “Cooking For Health With Mazola Corn 
Oil” plus a supply of postage-free order post cards 
for my patient's use. 


NAME 


ADDRESS 


City ZONE STATE 


Technical Pamphlet “Facts about Mazola Corn 
Oil” also available. Provides technical information 
on chemical and physical properties. Check here if 
you wish a copy of this pamphlet. 0 
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Is this the way YOUR HOSPITAL 


an tats CARDIAC ARREST ? 


ROUTINE PM-6 
HOOK-UP BEGINS 


30 HOOK-UP COMPLETE 
Seconds PATIENT BEING MONITORED 


Cardiac Arrest is not something that occurs in 

other hospitals . . . It can happen-in your 

hospital, yet it can be detected and treated 

successfully. 

Illustrated is the method used by an ever- “ : 

increasing number of hospitals to combat ) PM-65-VISUALLY AND 
the dreaded occurance of Cardiac Arrest. . » AUDIBLY SIGNALS 
Electrodyne, working in close cooperation x CARDIAC ARREST 
with leading heart specialists, has developed 

a complete line of proven instruments for the 

preventive detection and automatic treatment 

of Cardiac Arrest. 


During Thoracic Surgery the same electrodes may 
be hooked to the extremities. Provision for direct 
stimulation of the heart available. 


BEGINS 
STIMULATION 


Electrodyne PM-65 with (option- 
al) Electrocardioscope, for the Se = 4 PM-65 STANDS BY IN 


detection and treatment of 
Cardiac Arrest. For detailed ou ROOM OR WARD 


information on this and other 
Electrodyne equipment, write: 
eClAlisrs 


ECTROOYNE 


oO; \c 
Cat erectro™ 


ELECTRODYNE CO., INC. 20 Endicott Street, Norwood, Mass. 
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protects 
against 
anginal 
attacks 


PETN + 


(pentaerythritol tetranitrate) 


eases 
cardiac 
tension 


(PETN + ATARAX) 


Dosage: Begin with 1 to 2 yellow CarTRAX “10” tab- 
lets (10 mg. PETN plus 10 mg. ATARAX) 3 to 4 times 
daily. When indicated, this may be increased by 
switching to pink CARTRAX “20” tablets (20 mg. PETN 
plus 10 mg. ATARAX). , 

For convenience, write “CARTRAX 10” or “CARTRAX 20.” 


TRADEMARK 


Supplied: In bottles of 100. 


References: 1. Russek, H. I.: Postgrad. Med. 19:562 (June) 
1956. 2. Russek, H. I.: Presented at the Symposium on the 
Management of Cardiovascular Problems of the Aged, Dade 
County Medical Association, Miami Beach, April 12, 1958. 


New York 17, N. Y. 
Division, Chas. Pfizer & Co., Inc. 
Science for the World’s Well-Being 
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DISSOLUTION OF CLOTS WITH 


ACTASE 


TRADEMARK 


Fibrinolysin (Human) 
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HE OPENING OFA 
| EW EPOCH 


Hin the treatment of 


Wthromboembolic disorders: 
THROMBOPHLEBITIS 
PULMONARY EMBOLISM 


— 
Oo 
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With ACTASE it is now possible to enhance plasma fibrinolytic 
activity. ACTASE is prepared from human plasma. It contains the 


active and purified form of the proteolytic enzyme fibrinolysin. “The 


clinical results after fibrinolysin infusion... have been consistently 


encouraging in terms of its apparent ability to dissolve a recently 


acquired intravascular clot.’ 


A 


SPECIFIC THERAPY -— lysis of the clot 


thrombophlebitis « pulmonary embolism 


ACTASE 


TRADEMARK 


Fibrinolysin (Human) 


A NEW THERAPEUTIC AGENT 
ACTASE “...may prove a safe and effective 
agent for achieving acute lysis of intravascular 
clot.”! In thrombophlebitis the benefits “...range 
from significant improvement to complete rapid 
relief, if adequate doses are administered.” 


“Pulmonary emboli, although notoriously 
difficult to evaluate clinically, respond well to 
plasmin [fibrinolysin].”2 


ACTASE overcomes the disadvantages of 
earlier thrombolytic agents, which proved to be 
ineffective for intravenous use, or unsafe because 
of severe side reactions and lack of specificity. 


Studies show that ACTASE, while maintaining 


CLINICAL RESULTS WITH 


fibrinolytic activity, has no clinically significant 
effect on blood coagulation. “Anticoagulant 
drugs can be safely used simultaneously.”! 


SAFETY IN CLINICAL USE 


The only reaction observed with intravascular 
use of fibrinolysin has been a temperature rise 
in some patients. In one series of 141 patients, 
there was no febrile response in 35 per cent, a 
mild temperature rise in 42 per cent, and a 
severe febrile reaction in 23 per cent. Chilliness, 
nausea, vomiting, dizziness, headache and mus- 
cle pain may occur. The prophylactic adminis- 
tration of antipyretics!.t and antihistamines,! or 
sedatives, may lessen and possibly prevent the 
febrile reaction. 


FIBRINOLYSIN THERAPY 


Source Indication Number of Patients Results 
Moser’ Pulmonary embolism 4 patients showed beneficial effects 
Cliffton? Thrombophlebitis 4 3 patients experienced complete relief 

and pulmonary emboli 
ORTHO* Pulmonary embolism 36 70% excellent; 24% questionable; 6% poor 
Moser’ Deep venous 18 “consistently encouraging” 


thrombophlebitis 


Cliffton? Venous thromboses 17 excellent response in 9 of 11 patients who received adequate dosage 
Cliffton® Peripheral venous 12 improvement in all patients, ranging from subsidence 
thrombosis to unequivocal lysis of the thrombus 
Moser’ Superficial 7 evidence of thrombolysis in 4 patients 
thrombophlebitis 
ORTHO? Thrombophlebitis 171 65% excellent; 26% good; 9% poor 


ACTASE is given as an intravenous infusion over a period of two hours. Complete liter- 


ature is available on request. 


Packaging: ACTASE is supplied in vials containing 50,000 Fibrinolytic Units. 


References: (1) Moser, K. M.: J.A.M.A. 167:1695 (Aug. 2) 1958. (2) Cliffton, E. E.: J. Am. 
Geriatrics Soc. 6:118, 1958. (3) Clinical Research Division, Ortho Pharmaceutical Corporation. 
(4) Ambrus, J. L., and others: Ann. New York Acad. Sc. 68:97 (Aug. 30) 1957. (5) Cliffton, E. E.: 


Ann. New York Acad. Sc. 68:209 (Aug. 30) 1957. 


ORTHO PHARMACEUTICAL CORPORATION « RARITAN, NEW JERSEY 
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In Coronary 


Insufficiency. .. 


Your high-strung angina patient 


often expends a “100-yd. dash” 
worth of cardiac reserve 


through needless excitement. 


Curbs emotion 
as it boosts 
coronary 


blood supply 


CONTROL OF EMOTIONAL 
EXERTION with Miltrate 
leaves him more freedom 

for physical activity. 


IMPROVED CORONARY BLOOD 
SUPPLY with Miltrate 


increases his exercise tolerance. 


Miltrate 


Miltown® (meprobamate) + PETN 


Each tablet contains: 200 mg. Miltown and 
10 mg. pentaerythritol tetranitrate. 

Supplied: Bottles of 50 tablets. 

Usual dosage: 1 or 2 tablets q.i.d. before meals 
and at bedtime. Dosage should be individualized. 


Wd WALLACE LABORATORIES + New Brunswick, N. J. 


CML-9159-59 
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Record of patient with congestive failure, treated at a leading 
Philadelphia hospital. Photos used with permission of the patient. 


marked pitting edema (4+) 
cleared in 4 days 
with Esidrix 


Highest fluid yields, lowest blood-pressure levels yet 


achieved with oral diuretic-antihypertensive therapy. posace: Esidrix is administered 

orally in an average dose of 75 
Indicated in: to 100 mg. daily, with a range of 
: , 25 to 200 mg. A single dose may 
congestive heart failure edema of pregnancy be given in the morning or tablets 
may be administered 2 or 3 times 
hypertension steroid-induced edema a day. 


hypertensive vascular disease nephrosis suppiep: Tablets, 25 mg. (pink, 


— scored); bottles of 100 and 1000. 
pr emenstrual edema nephritis Tablets, 50 mg. (yellow, scored); 


bottles of 1 d 
toxemia of pregnancy C I BA 


remember 


e for the anxious hypertensive 
with or without tachycardia 


(reserpine CIBA) 
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L.S., 8l-year-old patient with com- 
plaint of painless hematuria admitted 
to hospital on 3/3/59. Past history in- 
cluded congestive heart failure of 15 
years’ duration Clinically significant 
symptoms: expiratory wheezes over 
entire chest; bilateral coarse rales of 
both bases; slight abdominal disten- 
tion (without evidence of ascites); pal- 
pable liver 2-3 fingerbreadths below 
rib cage; bilateral pitting edema (4++) 
of pretibial and ankle areas. Admis- 
sion diagnosis: hematuria of unknown 
origin; arteriosclerotic cardiovascular 
disease; poorly compensated heart 
failure; chronic pulmonary fibrosis 
with pulmonary insufficiency. 


Patient was put on regimen of bed 
rest, moderate salt restriction, digi- 
talis and pulmonary decongestants 
When ankle edema, hepatic conges- 
tion and rales failed to clear by 3/6 
Esidrix 50 mg. b.i.d. was ordered. By 
3/8 L.S. had lost 3 pounds. Rales de- 
creased; there was 1-+- pitting edema 
of ankle area only. He felt more com- 
fortable, was able to enjoy reading 
newspapers and magazines in bed. 


Ambulatory on the 4th day of Esidrix 
therapy, L.S. visited his neighbors 


down the hall, played checkers with 
another patient. There was no evi- 
dence of ankle edema. By 3/11, pa- 
tient’s weight had dropped 2 more 
pounds and rales were gone. Patient 
tolerated cystoscopy and fulguration 
of a small bleeding polyp in his blad- 
der on 3/12 very well. On 3/14 he 
was discharged. 


or chlorothiazide” 


T.M. 
(hydrochlorothiazide CIBA) 


relieves edema in many patients refractory to other diuretics’ 
often produces greater weight loss than parenteral mercurials 


» provides a greater average reduction in blood pressure than chlorothiazide® 


is exceptionally safe... reduces the likelihood of electrolyte imbalance 


1. Brest, A. N., and Likoff, W.: Am. J. Cardiol. 3:144 (Feb.) 1959. 2. Clark, G. M.: Clinical report to CIBA. 


3. Dennis, E. W.: Clinical report to CIBA. 
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RELIEVES ANXIETY IN 
HYPERTENSIVE PATIENTS 
without producing depression 


Miltown relieves mental pressure which 
often aggravates symptoms of hyperten- 
sion and impairs effectiveness of anti- 
hypertensive therapy. 

Combined with specific therapy, 
Miltown provided greater over-all im- 
provement in hypertensive patients 
than antihypertensive therapy alone.'? 
In 58 patients receiving combined ther- 
apy, over go% (including moderate 
and severe cases) benefited from relief 
of headache, nervousness, palpitations, 
insomnia, weakness and dizziness.!2 

Miltown was found “a useful adjunct 
in the treatment of the psychogenic 
and neurogenic components of hyper- 
tension.” 


CM-9204 


Miltown 


meproba mate (Wallace) 
clocs not cause depression 
@ «oes not interfere with heart rate, 
blood pressure, respiration, G.I. func- 
tion or other autonomic mechanisms 
1. Nussbaum, H. E., Leff, W. A., Mattia, V. D., Jr. 
and Hillman, E.: Am. J. M. Sc. 234:150, Aug. 1957. 
2. Dunsmore, R. A., Dunsmore, L. D., Bickford, 
A. F. and Goldman, A.: Am. J. M. Sc. 233:280, 
March 1957. 3. Boyd, L. J., Huppert, V. F., Muli- 


nos, M. G. and Hammer, H.: Am. J. Cardiol. 3:229, 
Feb. 1959. 

SUPPLIED: 400 mg. scored and 200 mg. sugar- 
coated tablets in bottles of 50. Also available 
as MeprosrpAn* (Miltown continuous release 


capsules). #TRADE-MARK 


Literature and samples on request. 


WALLACE LABORATORIES * New Brunswick, N. J. 
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a significant 


the completely new, 2-speed 
SANBORN Mode! 100 VISO-CARDIETTE 


Here is an electrocardiograph in which no detail has been overlooked 
to give you diagnostically accurate information ...the greatest 
possible operating convenience ...and modern, functional attractiveness. 
With thirty-five years of experience, this is the finest electrocardiograph 
Sanborn Company has ever produced. Priced at eight hundred fifty 
dollars, delivered continental U.S. A. 


SANBORN COMPANY 
MEDICAL DIVISION + 175 Wyman St., Waltham 54, Mass. 
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PRECISE 
CONTROL 


of digitalis jam 
(lose 


CRYSTODIGIN® permits accurate dosage titration 


Since initial digitalization and maintenance dosage must be care- 
fully individualized, Crystodigin fulfills the important requirements 
of a preferred digitalis. Crystodigin is a crystalline-pure, uniformly 
potent single glycoside that is completely absorbed in the gastro- 
intestinal tract. With Crystodigin, the maximum therapeutic effect 
can be safely determined by dosage titration in increments as small 
as 0.025 mg. 

Available in scored tablets of 0.05 mg. (orange), 0.1 mg. (pink), 
0.15 mg. (yellow), and 0.2 mg. (white); and in 1-cc. and 10-cc. 


ampoules, 0.2 mg. per cc. 


Crystodigin® (crystalline digitoxin, Lilly) 


EL! LILLY AND COMPANY ¢ INDIANAPOLIS 6, INDIANA, U. S. A. 


970104 
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A good day’s work without fear of angina 
...on Metamine’ Sustained, b.1.d. 


This normally active angina patient who can do a 
satisfying day’s work without discomfort or the 
dread of a severe attack is typical of those con- 
trolled by METAMINE® SUSTAINED—aminotrate 
phosphate, 10 mg. (Leeming). A simple protective 
medication (1 tablet on arising and 1 before the 
evening meal), METAMINE SUSTAINED eliminates 
anginal episodes altogether, or greatly reduces their 
severity and frequency. Many patients refractory 
to other drugs of this type are aided by 
METAMINE SUSTAINED.? 


Moreover, relative freedom from side effects typical 
of many cardiac nitrates (headache, nausea, hypo- 


1, Eisfelder, H.W.: Case history 18/35, Persc 


tension) permits angina-preventive medication with 
METAMINE SUSTAINED for indefinite periods. And, 
when you prescribe METAMINE SUSTAINED, b.i.d., 
your angina patient will need less nitroglycerin and 
thus remain fully responsive to this vital emer- 
gency medication. 

Supplied: bottles of 50 and 500 sustained-release tablets. 
Also: METAMINE (2 mg.); METAMINE (2 mg.) WITH 
BUTABARBITAL (14 gr.); METAMINE (10 mg.) WITH 
BUTABARBITAL (34 gr.) SUSTAINED; METAMINE (10 mg.) 
SUSTAINED WITH RESERPINE (0.1 mg.). 


all night 


Leeming New York 17. 
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in atrial fibrillation 


suitable for conversion 


a “drug of choice 
is quinidine” 


QUINAGLUTE 


DURA-TAB S. M. 


the only oral Sustained Medication* quinidine gluconate, 5 gr. 


is a quinidine of choice’ 


in all CARDIAC ARRHYTHMIAS 


premature contractions, auricular tachycardia, flutter, fibrillation 


1. Smith, J. M.: Lederle Bull. 
Symposium Report, 1:1, 1958. 
2. Bellet, S., Finkelstein, D., and 
Gilmore, H.: A.M.A. Archives 
Internal Med. 100:750, 1957. 


*Patent Applied For 


e b.i.d. dosage — each dose of Quinaglute 
Dura-Tab S.M. maintains uniform plasma 
levels up to 12 hours. 


e no night dose needed. 


® quinidine gluconate is more soluble, better 
absorbed and tolerated than quinidine sulfate. 


Dosage: For conversion of auricular fibrillation to nor- 
mal sinus rhythm, in most cases, 2 Quinaglute Dura- 
Tab S.M. tablets 3 to 4 times a day, for 2 to 3 days. 
For maintenance 1 to 2 tablets every 10 to 12 hours. 
Supplied: Bottles of 30, 100 and 250. 

samples, reprint and detailed literature. 


Now also available .. . INJECTABLE QUINAGLUTE® 
Po 10 cc. multiple dose vials, 0.08 Gm. Quinidine Gluconate per cc. 
REFER TO 
PDR WYNN PHARMACAL corporation 
PAGE 867 5119 West Stiles Street, Philadelphia 31, Pa. 


See us at Booth N-28, American Medical Association Convention, Atlantic City, New Jersey——June 8-12 
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In angina pectoris 
Relax the grip 


of fear and pain 


with 


COROVAS 


TYMCAPS 


Feinblatt,* reporung on COROVAS’ disintegration pattern and 
therapeutic effect in the New England Journal of Medicine, states: 

0-3 hours — “During the first hour . . . no significant change 
in pain level . . . ducing the second hour most 
patients experienced a gradual diminution of 
pain. But at the end of the third hour all 
patients . . . had significantly less pain.” 

3-9 hours — “The blood level of (PETN) remained con- 
sistently high during this period . . . pain 
was substantially well controlled. Most of the 
patients had no pain... .” 

9-12 hours — “Blood levels continued steady . . . Pain was 
substantially reduced in all cases and in most 
cases was completely eliminated.” 


With your angina patients you will discover —as Feinblatt 
found — that COROVAS Tymcaps relax the grip of pain and 
fear ... all day and all night — day after day. 


Formula: Each continuous release COROVAS Tymcap contains: 
pentaerythritol tetranitrate (PETN) ..........+eeeeeeeeee 30 mg. 
secobarbituric acid 50 mg. 


Dosage: 1 COROVAS Tymcap on arising — 1 COROVAS Tymcap before the 
evening meal, approximately 12 hours later. 


Supply: COROVAS Tymcaps — boxes of 60 and 120. 


*Feinblatt, T.M. and Ferguson, E.A.: New Eng. J. of Med. (Feb. 21) 1957. 


AMFRE-GRANT, INC. Brooklyn 26, N. Y. 
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‘CARDILATE’ 


SUBLINGUAL TABLETS 


ANGINA PECTORIS 


“Nitroglycerin and erythro] tetranitrate when administered 
sublingually are among the most effective of all prophylactic 
agents available for the treatment of patients with angina pec- 
toris. The comparatively prolonged duration of action of ery- 
throl tetranitrate makes it especially valuable for clinical use.” 


Riseman, J. E. F., et al.: Circulation 17:22, 1958 


Sublingual administration obviates inactivation of 
nitrites in gastrointestinal tract. 


Ew closely approximates nitroglycerin in frequency 
and degree of effectiveness. 


‘Cardilate’ brand Erythrol Tetranitrate 
Sublingual Tablets 15 mg., scored. 


& BURROUGHS WELLCOME & CO. (U.S.A.) INC. 
Tuckahoe, New York 


36 


& 

R 


in the management of atherosclerosis 


Clarin 


(sublingual 
heparin potassium, 


Leeming) 


clears lipemic serum 


0.5 
Reduction of Serum Turbidity 
with Clarin after 

0.4 Standard Fat Meal 


0.3 


Optical density 


(based on 597 determinations) 


Control 


Clarin 


Hours after fat meal 
| 


Each time your patients eat a substantial 
fat-containing meal, lipemia results. Small 
amounts of injected heparin will help con- 
trol this increased fat content in the blood,'? 
but widespread adoption of this method has 
been hampered by its inconvenience, pain, 
cost and the necessity for periodic checks 
on blood clotting time. 


Now, long-term preventive heparin therapy 
is practical for the first time with the intro- 
duction of CLARIN—which is heparin in 
sublingual form. Each CLARIN tablet con- 
tains 1500 I.U. of heparin potassium—a 
sufficient amount to clear lipemic serum 
without affecting coagulation mechanisms.*“ 


With one mint-flavored CLARIN tablet under 
the tongue after each meal, lipemia is regu- 
larly controlled, removing a constant source 
of danger to the atherosclerotic patient. He 
may eat safely, with less fear of dangerous 
results, without hard-to-follow diets. 


The varied implications of CLARIN in bene- 
ficially affecting fat metabolism are obviously 


far-reaching. The relationship between hep- 
arin, lipid metabolism and atherosclerosis 
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may well be analogous to that between in- 
sulin, carbohydrate metabolism and diabetes 
mellitus.® 


Use CLARIN to protect your atherosclerotic 
patients—the postcoronaries and those with 
early signs of coronary artery disease. 


Indication: For the management of hyper- 
lipemia associated with athero- 


sclerosis. 
Dosage: After each meal, hold one tablet 
under the tongue until dissolved. 
Supplied: In bottles of 50 pink, sublingual 


tablets, each containing 1500 
I.U. heparin potassium. 


1. Council on Drugs, J.A.M.A. 166:52 (Jan. 4) 1958. 
2. Hahn, P. F.: Science 98:19 (July 2) 1943. 3. Fuller, 
H. L.: Angiology 9:311 (Oct.) 1958. 4. Rubio, F. A., 
Jr.: Personal communication. 5. Engelberg, H., ef al.: 
Circulation 13:489 (April) 1956. 


*Trade Mark. Patent applied for. 


Shes. Leeming Co, Inc 


155 East 44th Street. New York 17, N. Y. 
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the answer to the mess involved 


in taking electrocardiograms 
hihiiites gauze with E-GRAPH Solution...rub into 
contact areas of the skin and attach electrodes. 
When the ECG is completed—merely remove electrodes. 
No wiping or cleansing of skin or electrodes are necessary. 
E-GRAPH rapidly evaporates leaving only 
an invisible electrical conducting film. 
E-GRAPH is sterile and antiseptic—making the electrodes 
always ready for use on the next patient without 
any special care. 


E-GRAPH is supplied in 4 fluid ounce bottles @ $1.50 each. 


Three Bottles for $3.75. Six Bottles for $6.00. 
E-GRAPH' Solution 


PHARMACEUTICAL CORP. 215 California St., NEWTON, MASSACHUSETTS 


Write for samples. 


Nou 


TWO Bound Volumes of The American Journal of Cardiology 


Permanently bound in sky-blue buckram with 
gold stamping, these quick-reference volumes 
make attractive and useful gifts for your hos- 
pital, medical school, colleagues or your own 


personal library 
JOURNAL 


OF 
CARDIOLOGY THE AMERICAN JOURNAL OF CARDIOLOGY 
11 East 36th St., New York 16, N. Y. 


Please send Bound Volumes of The American Journal 
of Cardiology to: 


USE 
THIS 


Jan.-June '58 O uly- 
($10.00 per volume or $20. OO ie both) 


Order one or more of these volumes by filling in the 
coupon. Please specify your choice—Jan. '58 thru 
June '58, July "58 thru Dec. ’58, or both. Price covering 
cost of the Journals and the binding is $10.00 per vol- 


ume. Address 


0 Check enclosed 0 Bill me 


| 
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| 
|AMERICAN | 
| JOURNAL 
| CARDIOLOGY | 
| 
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CLINICAL LITERATURE ON DIGITOXIN CONFIRMS... 


“most Widely used digitalis preparation’’’ 


alis product is 
oral use”? 


digitaline nativelle 


the original pure crystalline digitoxin 


For both initial digitalization and maintenance therapy of the 
cardiac patient, the steady predictable effect of DIGITALINE 
NATIVELLE facilitates individualized treatment. Complete absorp- 
tion from the intestinal tract and uniform dissipation of DIGITALINE 
NATIVELLE permits easy attainment and maintenance of optimal 
effects. 


Available in oral, intramuscular, and intravenous form with weight 
for weight equivalence of dosage. A product of Nativelle, Inc. 


(1) Gross, H., and Jezer, A.: Treatment of Heart Disease, Philadelphia, W. B. Saunders 
Company, 1956, p. 41. (2) Goodman, L. S., and Gilman, A.: The Pharmacological 
Basis of Therapeutics, ed. 2., New York, The Macmillan Company, 1956, p. 698.(3) 
Modell, W.: Drugs of Choice 1958-1959, St. Louis, C. V. Mosby Company, 1958, p. 441. 


E. FOUGERA & CO., INC., HICKSVILLE. LONG ISLAND, N. Y. 


46789 
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'Dilcoron 


TRADEMARK 


for ANGINA PECTORIS 


ORAL (tablet swallowed whole) 
for dependable prophylaxis 


SUBLINGUAL-ORAL 


for immediate and sustained relief 


Nitroglycerin 
—0.4 mg. (1/150 grain)—acts quickly 


Citrus “flavor-timer” 
— signals patient when to swallow 


Pentaerythritol tetranitrate 
—15 mg. (1/4 grain)—prolongs action 


For continuing prophylaxis patients may 
swallow the entire Dilcoron tablet. 


Bottles of 100. 


Average prophylactic dose: 
1 tablet four times daily 
(before meals and at bedtime). 
Therapeutic dose: 
1 tablet held under the tongue until citrus 
flavor disappears, then swallowed. 


LABORATORIES 
NEW YORK 18,N Y. 


NEW 
‘flavor-timed”’ 
dual-action 
oronary vasodilator 
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THE CORNERSTONE OF 
ANTIHYPERTENSIVE THERAPY 


HELPS RELIEVE HELPS RELIEVE 
THE PRESSURES _| THE PRESSURES 
IN YOUR PATIENTS | ON YOUR PATIENTS 


~ \ 
SQUIBB ality — the Priceless Ingredient 


Squibb Whole Root Rauwolfia Serpentina 


4 
Ree 4 ‘ 
* 
SUPPLY: 50 AND.100 MG. TABLETS, BOTTLES OF 100, 1000 AND 6000 
| 
| 42 


Blood 
cholesterol regulation 
is worth while... 


Evidence strongly suggests that cholesterol is an 


important factor in atherogenesis... 


and investigators agree it’s desirable to lower or prevent 


*Amsterdam, B.: 

New York J. Med. 
§8:2199-2212 (July 1) 1958, 
Panel Discussion on 
Proper Nutrition for the 
Older Age Group, J. Am. 
Geriatrics Soc. 6:787-802 
(Nov.) 1958. Leckert, J. T.; 
Donovan, C. B.; McHardy, 
G., and Cradic, H. E.: J. 
Louisiana M. Soc. 
110:260-266 (Aug.) 1958, 


elevated blood cholesterol levels ...* 


Aree 


(ARMOUR CHOLESTEROL LOWERING FACTOR) 


Arcofac lowers elevated blood 
cholesterol levels .. . safely... 
effectively ...and need not 
impose radical dietary changes. 

Arcofac supplies linoleic acid, 
an essential polyunsaturated 
fatty acid that lowers high cho- 
lesterol levels. In addition, it 
provides vitamin B,;, deemed 
necessary to convert linoleic 
acid into the primary essential 
fatty acid, arachidonic acid. 
Vitamin E, a powerful antioxi- 
dant, helps maintain the fatty 
acid in an unsaturated state. 


ARMOUR 


Each tablespoonful (15 ml.) of 

Arcofac contains: 

Essential fatty acidst. .. 6.8 Gm. 
(measured as linoleic) with 2.5 
1.U. of Vitamin Ett 

Pyridoxine hydrochloride 
(Vitamin Be). ........ 1.0 mg. 

tSupplied by safflower oil which 
contains the highest concentra- 
tion of polyunsaturated fatty 
acids of any commercially avail- 
able vegetable oil. 

ttAdded as Mixed Tocopherols 

Concentrate, N. F. 


ARMOUR PHARMACEUTICAL COMPANY « A Leader in Biochemical Research + KANKAKEE, ILLINOIS 
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Classic 
Treatment in 
pertension* 


just two tablets at bedtime 


alseroxylon, 2 mg 


Because 


RAUWILOID provides effective Rauwolfia 


action virtually free from serious side effects 
... the smooth therapeutic efficacy of Rauwiloid 
is associated with a lower incidence of certain 


Waen mere potent Crags ave unwanted side effects than is reserpine...an 
needed, prescribe one of the con- rpine...and 
venient single-tablet combinations with a lower incidence of depression. Toler- 


Rauwiloid® + Veriloid® ance does not develop. 


alseroxylon 1 mg. and alkavervir 3 mg. — 
al RAUWILOID can be initial therapy for most 


Rauwiloid® + Hexamethonium hypertensive patients... Dosage adjustment is 


alseroxylon 1 mg. and hexamethonium 
chloride dihydrate 250 mg. rarely a problem. 


Many patients with severe hypertension can be main- 
tained on Rauwiloid alone after desired blood pres- ‘y 
sure levels are reached with combination medication. Northridge, California 
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